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The Lords Commissioners of the Admiralty have decided 
that a Standard Work on Navigation is required for the 
information and guidance of ‘the Officers of His Majesty's 
Fleet ; for this purpose the “ Admiralty Manual of Navigation ” 
has been compiled by Commander Henry KE. F. Aylmer and 
Naval Instructor John White, M.A., under the supervision 
of the Director of Navigation. 


The Manual is designed to supply the needs of Junior 
Officers and also of Officers qualifying for the duties of Navi- 
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on Navigational questions in His Majesty’s Fleet. 
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are superseded and may be destroyed :— 
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Handbook of -Pilotage. 
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PREFACE. 


The Admiralty Manual of Navigation consists of four 
paris. 

Part 1. deals with the rhumb line and the position line, as 
well as with finding the error of the chronometer and 
the times of rising and setting of heavenly bodies ; 

Part LU. deals with pilotage ; 

Part Il]. deals with the movements of the atmosphere and 
ocean ; 

Part IV. gives descriptions of the various navigational 
instruments, and explains how their errors are eliminated 
or allowed for. 

Thanks are due to— 

The Astronomer Royal, 
The Director of the Meteorological Office, for their 
valuable assistance, 
and to 
W. G. Perrin, Esq., 
for reading the proofs of the book. The method of keeping 
the reckoning during manceuvres is the work of Lieutenant- 
Commander I. H. Shore, R.N. 

Figs. 262 and 263 have been reproduced from “Les 
Nouvelles Méthodes de Navigation” by A. Ledieu, and the 
permission which has been granted by— 

Messrs. Elliot Stock to reproduce Fig. 153, 

Elliott Bros. ,, ‘ Figs. 240, 251) 202208 

The Sperry Gyroscope Co. to reproduce igs. 247, 248, 

Messrs. Cary, Porter & Co. ,, a Big v250) 

is gratefully acknowledged. 

The following books have been consulted :— 

American Practical Navi- Nathaniel Bowditch, LL.D. 


gator. 
Cours de Navigation - EK. du Bois. 
Descriptive Meteorology - W. IL. Moore, LL.D., Se.D. 
Deviations of the Compass Captain EK. W.Creak,C.B., F.R.S., 
in Iron Ships. R.N. 
Elementary Meteorology - R.H. Scott, M.A., F.R.S. 


Encyclopedia Britannica. 

’ Etude sur les Courbes de G. Hilleret. 

hauteur. 

“Ganot’s Physics — - - KE. Atkinson, Ph.D., F.C.S8. 
A. W. Reinold, M.A., F.R.S. 


Geodesy - - - 
Glossary of N avigation - 


Hydrographical Surveying - 


Lehrbuch der Navigation 
(Reichs-Marine-Amt. ) 

Magnetism, General 
Terrestrial. 

Mathematical Instruments - 
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Maximum and- Minimum 
Altitude and other Pro- 
blems. 


Meteorology, Practical and 
Applied. 
Modern Navigation - - 


Navigation and Compass 
Deviations. 
Navigation and Nautical 
Astronomy. 
Navigation and Nautical 
Astronomy. 


Papers in the Philosophical 
Transactions of the Royal 
Society, 1860, 1861. 

Popular Lectures and <Ad- 
dresses. 

Practical Manugl of Tides 
and Waves. 

Practice of Navigation - 


Principal Winds and Cur- 
rents of the Globe. 

Spherical and _ Practical 
Astronomy. 

Star Atlas - - ~ 

Tides and Kindred Pheno- 
mena. 

Watch Makers’ Handbook - 

Wrinkles in Practical Navi- 
gation. 
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PART I1.—NAVIGATION AND NAUTICAL 
ASTRONOMY. 


CHAPTER. I. 
POSITIONS ON THE EARTH’S SURFACE. 


‘1. Figure of the earth.—As navigation is concerned 
with the successive positions of a ship as she passes from one 
place on the earth’s surface to another, it necessarily involves a 
knowledge of that surface and a method of expressing 
positions on it. 

The earth is an oblate spheroid, | P 
whose greatest and least diameters are 
approximately 3,963 and 3,950 statute 
miles respectively. The earth turns 
about its shortest diameter which is 
called its axis, the extremities of the 
axis being called the poles of the earth. Q 

An oblate spheroid is a figure traced 
out by the revolution of a semi-ellipse, 
such as PQP’ in Fig. 1, about its minor 
axis PP’, .The successive positions of 
PQP’ are called meridians. ‘That meri- 
dian which passes through the transit 
instrument at the Royal Observatory at 
Greenwich is called the prime meridian. 


The circle traced out by the point Y, which is the extremity 
of the semi-major axis of the 
ellipse, is called the equator. 

_ The earth revolves about 
its axis PP’ in the direction 
shown by the arrows in 
Fig. 2. The direction of 
revolution is called East, 
and the opposite direction 1s 
called West. If we look 
East, the direction perpen- 
dicular to East on our left 
hand is called North, and 
that on our right hand is 
called South. That pole of 
the earth which is situated 
on our left hand, P in Fig. 2 
is called the North pole, 
and that situated on our right hand, P’, is called the South pole. 

2. Angular latitude and longitude.—A _ position on 
the surface of the earth is expressed by reference to the plane 
of the equator, and the plane of the prime meridian. 
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The angular latitude (also called the geodetic, geographical o1 
true latitude) of a place is the angle which the perpendicular to 
the earth’s surface at the place makes with the plane of the 
equator; it is measured from 0° to 90°, and is named North or 
South according as the place is North or South of the equator ; 
thus, the angular latitude of O, in Fig. 3, is the angle OXE. 

The co-latitude of a place is the complement of the latitude, 
that is, 90°— latitude of the place. 

Small circles of the earth, whose planes are parallel to the 
plane of the equator, are called parallels of latitude. 

The angular longitude of a place is the angle between the 
planes of the prime meridian and the meridian of the place. 
It is measured from 0° to 180°, and is named East or West 
according as the place is Kast or West of the prime meridian. 


3. Circle of curvature of a meridian.—In Fig. 3, let 
O be any point on the meridian, then an infinite number of circles 
may be drawn in the 
plane of the meridian to o 
touch the meridian at 
this point, and there is 
one particular circle 
which most nearly coin- 
cides with the meridian 
in the neighbourhood 
of O; this circle is 
called the circle of 
curvature. at. O, its 
radius OK is called the 
radius of curvature and 
its centre K is called . 
the centre of curvature. Wier: 

It. will be seen from 
the figure that the radius of curvature increases as 0 moves 
from the equator to either pole. 


4. The nautical mile—The sea or nautical mile at any 
place is the length of an arc of the meridian, in the vicinity of that 
place, which subtends 
an angle of one minute 
at the centre of curva- 
ture. 


In Fig. 4 let O be 
a place on the earth’s 
surface, and K_ the 
centre of curvature at 
QO. Then, if AB is an 
arc of the meridian 
which contains O and 
subtends an angle of 1’ 
at K,the length of AB 
is the length of the sea 
or nautical mile at O. Fig. 4. 
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Since KA and KB are perpendicular to the circle of 
curvature at A and B,and since the circle of curvature coincides 
with the meridian along the small*arc AB, it follows that KA 
and KB are perpendicular to the meridian. ‘Therefore, if HCQ 
is the line where the plane of the meridian is cut by the 
plane of the equator, AXH# and BYE are the angular latitudes 
of A and B respectively. 

Now BYX — AXE = BEX = 1’. 
Therefore the latitude of B — the latitude of A = 1’, and we see 
that the nautical mile may be regarded as the length of an arc 
of the meridian, in the vicinity of the place, intercepted between 
two points whose angular latitudes differ by 1’. 


5. Length of a nautical mile.—It may,be shown that 
if r is the radius of curvature of a meridian at .a place whose 
latitude is L, 

r= coop inant cos 2L, nearly, 
mu 2 
where a and 6b are the greatest and least radii of the earth 
respectively. 
In Fig. 4 the arc AB = AK X cm. of AKB. 
} =A KX C1 One 

= keainel:), . 
Therefore, denoting the arc AB, which is the length of a sea or 
nautical mile at O, by n; and denoting AK, whichis the length 
of the radius of curvature at O, by 7; we have 

fee) Ghat Na oN 

Therefore, from above 
a ee — 3 cos 21 | sin 1’ 


Now a = 2°09262 x 10’ feet 
and b == 2°08549 x 10’ feet 


and substituting these values, we find that the length of the sea 
or nautical mile in latitude L is given by 
n = (6076°8 — 31:1 cos 20] feet. 

It will be seen from this equation that the sea or nautical 
mile varies with the latitude, being shortest at the equator where 
its length is 6045°7 feet and longest at the poles where its length 
is 6107°9 feet. The lengths of the nautical mile, in various 
latitudes, are given in Inman’s Tables. 

For convenience, when discussing small distances, the tenth 
part of a nautical mile is called a cable. 

6. The geographical mile.—The geographical mile is 
the length of an arc of the equator which subtends an angle of 1’ 
at the centre of the earth. The equator being a circle, the 
length of the geographical mile is the same at all parts of the 
equator. 
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7. Length of the geographical mile.—In Fig. 5 let 
ED be an arc of the equator 
which subtends an angle of 1’ at 
its centre C, then the length of ae a 
ED is the length of the geo- | ‘e 
graphical mile. 

INOW panne ecm: OL 
HOD JHC x (a.m, pial) = EC 
sin 1’ =a sin 1’. The length 
of the geographical mile is 


60871 feet. 


8. Linear latitude and 
longitude.—The position of a 
place on the earth’s surface may EiGiaoe 
be expressed by reference to the 
equator and prime meridian. 

The linear latitude of a place is the length of the arc of the 
meridian of the place intercepted between the equator and the 
place. It is measured in nautical miles, and is named North 
or South according as the place is North or South of the 
equator. 

In Fig. 6 let the meridian #P be divided into sea or nautical 
miles at the points G, H, 

&e.; then, since HG is a 3 P 

nautical mile, and since : 
a nautical mile is an arc 
of a meridian between 
two places whose lati- 
tudes differ by 1’, the 
angular latitude of G 
must be 0° 1’ N. Simi- 
larly, since GH is a 
nautical mile, the angular 
latitude of H must differ 
from that of G by 1’, and 
must therefore be 0° 2’ N., A ag 

andsoon. If the length 

of HB is 40 x 60 or 2,400 sea or nautical miles, the angular 
latitude of B must be 40° N. 

We may,’ therefore, say that, if a place is in latitude 10° N., 
the length of the are of the meridian, intercepted between the 
equator and the place, is 600 nautical miles. 

Conversely, if a place is situated 300 nautical miles North of » 


MO 


‘the equator, its angular latitude is a or) aN, 


It is customary to write 1 nautical mile as 1’ and 60 nautical 
miles as 1°, because if a place is situated a particular number of 
nautical miles North or South of the equator, the angular 
ee of the place contains the same number of minutes 
-of are. 
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It should be remembered that linear latitude is a measure- 
ment of length and not angle, and if we refer to a linear 
latitude 10° N., we refer to a length along the meridian of 
600 nautical miles measured in a Northerly direction from the 
equator. 7 
oear longitude of a place is the smaller are of the 
equator ...v.ercepted between the prime meridian and the 
meridian of the place; it is expressed in geographical miles 
and is named East or West according as the place is Hast or West 
of the prime meridian. 

Let us suppose that the equator is divided into geographical 
miles, then, since the geographica] mile is the length of an 
‘arc which subtends 1’ at the centre, two geographical miles 
subtend 2’ at the centre, three geographical miles subtend 3’ 
and soon. For this reason, it is usual to write a geographical - 
mile as 1’, and to write 60 geographical miles as 1°; but it 
should be remembered that linear longitude is a measurement 
of length and not angle, and if we refer to a linear longitude 
10° E., we refer to a length along the equator of 600 geogra- 
phical miles measured in an Easterly direction from .the prime 
meridian. 

9. The knot.—In navigation the unit of speed is the speed 
of one nautical mile per hour, and this unit is called the knot. 
A ship, steaming 10 nautical miles per hour, is said to be 
steaming 10 knots, and this should never be expressed as 
“10 knots per hour.” 

As it is impracticable to construct speed recording instru- 
ments, such as patent logs, to register the length of a nautical 
mile as it varies in different latitudes, it becomes necessary to 
decide upon some suitable length for the nautical mile which 
these instruments may be constructed to indicate. The length 
decided on is 6,080 feet, and the British Admiralty knot is 
_ therefore a speed of 6,080 feet per hour. The reason for the 
_adoption of this length is uncertain, but 1f is supposed to have 
been taken because it is the nearest’ round number to 6082 °2 
which is the length in feet of the nautical mile in the English 
Channel. 

10. The earth approximately a sphere.—Although 
the earth is an oblate spheroid, for nearly all purposes of naviga- 
tion it is sufficiently accurate to assume it to be a sphere whose 
radius is the mean of the earth’s greatest and least radi, that 
is, 2°089055 x 10’ feet. The errors involved in this assumption 
are very small and entirely lost in practice amongst the many 
other errors incidental to navigation. 

On the assumption that the earth is a sphere, the length of 
an arc of a meridian subtending an angle of 1’ at the centre 
is 6,077 feet, and this length is the same as the mean length of 
a sea or nautical mile between the equator and the poles; 
therefore, this length to the nearest round number, that is 
6,080 feet, has been taken as the length of the mean nautical 
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mile which is the same as the length on which the Admiralty 
knot is based. This value of the mean nautical mile gives a 
mean value for the cable of 202°7 yards. It 1s customary to 
regard a cable as 200 yards, which is the same as the length a 
eight shackles of chain cable, called 4 “cable’s length,” 
shackle being 123 fathoms or 25 yards long. 

Another reason for regarding the earth as a sphere is that 
the linear latitude and linear longitude are then measured in 
the same units, namely, the length of a mean nautical mile, and 
there is no further need to consider the geographical mile, 
or to draw a distinction between angular latitude and longitude 
and linear latitude and longitude in numerical calculations. 
Under the worst conditions arising from this assumption, the 
error in the linear latitude cannot exceed ‘31 per cent., while 
that in the linear longitude cannot exceed half this value. 

It should be noticed that when we regard the earth as a 
sphere, the meridians become semi-great circles, and the angular 
latitude of a place is the angle at the centre between the plane 
of the equator and the radius of the earth which passes through 
the place. 


11. Difference of latitude and difference of 
longitude.—One position on the earth’s surface is related 
to another by the difference of latitude and difference of 
longitude. 

The difference of latitude between two places, usually written 
d Lat.,is the length of the arc of a meridian intercepted between 
the parallels of latitude through the two places. If a ship is 
proceeding from one place to another, the difference of latitude 
is named North or South according as the parallel of the 
destination is North or South of the parallel of the place of 
departure. 

The difference of longitude between two places, usually 
written d Long., is the length of the smaller are of the equator 
intercepted between their meridians. The difference of longi- 
tude is named East or West according as the meridian of the 
destination is East or West of the meridian of the place of 
departure. 

Let I” be the place from which the ship starts and T the 
place to which she is bound. 


Suppose that /’ is in Lat. 15° 30’ N. and Long. 40° 20/ W. 
and 7’ is in Lat. 60° 27’ N. and Long. 15° 30’ E. 
then the d Lat. is 44° 57’ N. and the d Long. 55° 50’ E. 


It should be noted that these two measnrements are both 
linear and are both in nautical miles, so that the d Lat. may be 
more correctly expressed as 2,697’ N. and the d Long. as 
3,350’ E. . 


~] 
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CHAPTER IL. 


DIRECTION ON THE EARTH'S SURFACE. 


12. True bearing.—We have shown how a position on 
the earth’s surface is determined by latitude and longitude; it 
iS now necessary to consider how to determine the direction of 
one position from another. 

The direction of any point on the surface of the earth from 
an observer is known, if we know the angle at the observer 
between his meridian and the great circle passing through the 
observer and the point. This angle is called the true bearing 
or azimuth of the point, and is measured from North or South 
towards Kast or West from (0° to 90°, or it may be measured 
from North, clockwise from 
0° to 360°. In Fig: 7 the p 
true bearing of the point S 
from the observer 0 may be 
called S. 40° W. or 220°. 

The direction of the ship’s 
head at any moment is the 
angle between the fore-and-aft <s 
line and the meridian, or, in 
other words, is the true bearing 
of the ship’s stem from an 
observer on the fore-and-aft- 
line of the ship. 

Since the meridians are 
imaginary semicircles, the 
angle between any meridian ny 
and a particular great circle a 
eannot be directly measured, Gea 
but by the aid of an instru- 
ment, called a compass, the direction of the meridian, and so 
the direction of any point, can be determined. 

A compass is constructed to indicate direction under the 
influence of the earth’s magnetism or of the earth’s rotation ; in 
_ the former case it iscalled a magnetic compass, and in the latter 
a gyro-compass. 
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18. The magnetic compass.—'lhe magnetic compass 
consists of a bowl, in the centre of which is pivoted a magnetic 
needle or system of needles, to which is attached a circular 
card, so suspended that it is free to revolve about its centre and 
to take up a definite position under the action of the earth’s 
magnetism. The bowl is suspended from gimbals in order that 
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the pivot may be always vertical, and the gimbals are supported 
by a pedestal called the binnacle. The position taken up by 
the needle at any place, when unaffected by local attraction, 1s 
such that the needle points in a known direction which is called 
magnetic North at that place, and the great circle of the earth in 
which the compass needle lies is called the maguetic meridian 
of that place. 

In Fig. 8 a compass card is shown graduated in 32 divisions 
of 11° 15’ each, called points. Fach quadrant is divided into 
90 degrees, starting from North and South. The card is SO 
attached to the compass needle or needles that the line joming 
the North and South points of the card is parallel to the needle 
or needles. 
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As regards the division into points, N.,S., EK. and W. are called 
the cardinal points; the points situated midway between the 
cardinal points are called the quadrantal points; the ares 
between the cardinal and quadrantal points are further divided 
as shown in Inman’s Tables, page 1, which should be studied in 
connection with Fig. 8. 

14. Magnetic variation.—The direction of the magnetic 
meridian at any place differs from that of the true meridian 
by an angle which is called the variation. Variation is named 
East or West according as the magnetic North lies East or West 
of the meridian of the place. 
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The variation is different at different places and its ascer- 
tained values are shown diagramatically on a chart, called the 
variation chart, by the curves of equal variation. 


The variation changes slightly from year to year, and care 
should therefore be taken that the correct variation is used ; the 
annual change in variation for all places is given on the 
variation chart. 


It will thus be seen that, if we know the variation and the 
direction of magnetic North, we know the direction of the true 
meridian ; therefore, at sea, by aid of the magnetic compass and 
the variation chart, we know the directions of two meridians 
which intersect at the observer, namely, the magnetic and true 
meridians ; consequently, the direction of any point may be 
referred to either one of these meridians. The bearing of a point, 
when measured from the true meridian, is called the true bearing, 
and, when measured from the magnetic meridian, it is called the 
magnetic bearing. 


For example, suppose that an observer OU is at a place where 
the variation is 20° W., and that the compass needle lies along the 
line OM (Hig. 9), which is the 
magnetic meridian. The line 
OT which is drawn so that the 
angle T’0M is 20°, and M is to 
the West of 7’, is the true meri- 
dian. It will be seen that the 
direction of North (true) is 
N. 20° E. (Mag.). 

Again, if OX is the great 
circle which passes through 
the observer 0 and a point X, 
and if the angle MOX is 60°, 
the magnetic bearing of X 1s 
N. 60° W. The angle T0X 
being 80°, the true bearing of 
X, is N. 80° W. (280°). 


15. Deviation of the 
Compass.—On account of the 
magnetism in the iron and 
steel of which the ship is con- 
structed, the compass needle 
may not lie exactly in the mag- 
netic meridian but to one or other side of it. The angle between 
the compass needle and the magnetic meridian is cailed the 
deviation, and is named East or West according as the North 
seeking end of the needle les to the East or West of the 
magnetic meridian. 


Fre 9. 


In a ship there are generally several compasses, one of 
which is in a very carefully selected position in order that it 
may be affected as little as possible by the magnetism of the 
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ship ; this compass is called the standard compass. ‘The other 
compasses are situated at the various steering positions, and 
observations taken with them must always be checked by 
comparison with the standard compass. 

Each compass is provided with a mark or pointer called 
the lubber’s point, situated inside the bowl and close to the 
edge of ‘the compass card, and in such a position that the line 
joining it to the centre of the compass card is parallel to the 
fore-and-aft line. of the ship; therefore the graduation of the 
compass card which is opposite to the lubber’s point gives the - 
direction of the ship’s head as indicated by that particular 
compass card. 

As the compasses are differently situated with regard to 
the iron and steel of the ship, they are differently affected ~ 
by the ship’s magnetism, and consequently two compasses, 
similar in every respect but situated in different parts of the 
ship, generally have entirely different deviations. 

In general the deviation of a compass is different for 
different directions of the ship’s head, and is obtained for 
various directions of the ship’s head by observation. 

A specimen deviation table, such as is made out and hung 
up in the vicinity of the compass to which it applies, is shown 
below :— 


Ship’s Head. Deviation. Ship’s Head. Deviation. 
9 / | [e) i 

N. 21300 SAE: | See 2 O00 ae 
N. by E 2220 eek. S. by W. 0 45 W. 
N.N.E. 2 45 4H. 8.S.W. 0 40. E. 
NEE byN. 3. 00 EB. S.W. by 8). “1: ona 
N.E. 3 00 EH. S.W. 3.00 E. 
N.E. by HE. 2 40 #. S.W. by W. 3 45 4H. 
E.N.E. 200° aE. WS. W.. 4 10 4&. 
E. by N 1 Seek: W. by S. 4 15 &. 
0 00 W. 4 00 E. 
K. by S. 1yalO es W, W. by N. 3 30 HK. 
E.S.E. Le Ose W.N.W. 2 55 KE. 
S.E. by HE. 3 15 W. N.W. by W. 2 20 HE. 
S.E. 3. DU We N.W. i $02 
S.E. by S 4 00 W. N.W. by Nic ea BOr 
S.S.E. 3.45 W. N.N.W 1. 30S 
S. by E. 3 00 W. N. by W 1 40 &. 


This table will be referred to in working examples through- 
out the book. 

16. Methods of applying deviation and varia- 
tion.--We have now to find the direction of the ship’s head 
(magnetic) and ship’s head (true), when the direction of the 
ship’s head by compass is known ; for example, suppose that the 
ship’s head by the compass, the deviation table for whichis given 
above, is N. 50° W., and that it is required to find the direction 
of the ship’s head (magnetic). On reference to the table, we see 
that the deviations are given for every point (11° 15’), and as 
N. 50° W. hes between N.W. and N.W. by W., we take the 
deviation as 2° 00’ E. 


a] 
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In Fig. 10 let OM represent the magnetic meridian, and OC 
the direction of the North point of the compass needle, so that 


the angle MOC is 2°, and C hes to 
the East of M. Let the line OH 
represent the direction of the ship’s 
head or lubber’s point, the angle COH 
being 50°. Then it will be seen 
that the angle MOH is 48°, so that 
the direction of the ship’s head is 
N. 48°. W. (Mag.). If the variation 
at the ship, from the variation 
chart, is found to be 20° W., let the 
line OT represent the true meridian, 
so that the angle T'0M is 20° and M 
hes to the West of 7’; then it will 
be seen that the angle 7'0H is 68°, 
so that the direction of the ship’s 
head is N. 68° W. (true) (292°). 


In order to avoid mistakes, the 
student is recommended to draw 
figures when applying variation and 
deviation, but circumstances may 
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arise when this is impracticable, and so. we must have some 
rules by which the operation can be carried out montalky » ; these 


rules are as follows :-— 


(a) Given the compass direction to find the magnetic fac 
given the magnetic to find the true) :— 


Imagine yourself to be standing at the centre 

of the compass card and looking in the given 

_ direction ; apply Easterly deviation (or variation) 
to the right, and apply Westerly Saye (or 


- variation) to the left. 


(b) Given the true direction to find the magnetic (or given 
the magnetic to find the compass) :— 


Reverse the rule above, that is, apply Kasterly 
variation (or deviation) to the left, and apply 
Westerly variation (or deviation) to the right. 


As some compass cards are now graduated from 0° to 360° 
(from North through East), it is convenient when using them 
to name Easterly deviations and variations +, and Westerly 


deviations and variations —. 


(a) and (b) now become :— 


(a) Apply deviation and variation according to their 


algebraical signs. 


(6b) Apply deviation and variation contrary to their 


algebraical signs. 
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The following examples illustrate the application of these 
rules :— 


(a) 
Ship's head (compass) — - - - - S. 50° 00’ HE. or 130° 00’ 
Deviation from table - . - - 3 30 W. — 3 30 
Ship’s head (Mag.) - . - - - S. 538° 30! BE. or 126° 30/ 
Variation from chart, - - - ed 20 00 W. — 20 00 
Ship’s head (true) - - - -: °- | .§,-78° 30’ Bo opie 
(0) 
Ship’s head (true) - - -  -  - | N, 40°00! W. or 820° 00! 
Variation from chart - - - —— 20. 00. WV —20 00 
Ship’s head (Mag.) - - - | N, 20°00’ W. or 340° 00’ 
Deviation from table (for N. 20° W.) - | 1 30 EK. + 1 30 
Ship’s head (compass) - - -  - |. N. 21°30! W. or 338° 30! 


| 


17. The gyro-compass.— The gyro-compass is an instru- 
ment surmounted by a card which is graduated in a similar 
manner to that of the magnetic compass, Fig. 8, except that 
the degrees are marked from 0° to 359° from North through 
East, and indicates true directions in obedience to the 
- mechanical laws on which it is based. There is a slight correc- 
tion, due to the course and speed of the ship, which has to be 
applied to the bearings indicated by it; this correction ‘is 
explained in Part IV. 

The movements of the gyro-compass are communicated 
electrically to receivers which are placed as convenient in 
cifferent parts of the ship. 
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CHAPTER III. 


THE COURSE AND DISTANCE BY THE MERCATOR’S 
CHART: 


18. The rhumb Line. Course and distance.—We 
are now led to the consideration of the problem of how to pass 
from one position on the earth’s surface to another. 

As when about to set out for a place by land, so in setting 
out for a place by sea, the first question that arises, is, Which 
is the way? Neglecting other considerations, it will obviously 
be of great advantage if the direction of the ship’s head is the 
same at all points of the track, that is if the track cuts all the 
meridians at the same angle. Now a line on the earth’s surface 
which cuts all the meridians at the same angle is called a rhumb 
line. If, therefore, two places on the earth’s surface are joined 
by a rhumb line and the ship steered along this line the 
direction of the ship’s head will remain the same ; this direction 
is called the course. ‘The course is measured from North or 
South, according as the d Lat. is N. or S., from 0° to 90° towards 
Kast or West, according as the d Long. is E. or W. (§ 11). 

The equator, parallels of latitude and the meridians are all 
rhumb lines. 

In Fig. 11 Fis the place “ From” which the ship starts, 
T is the place “To” which she is bound. 

The. curved line, 


FABCT, is the rhumb p 


line joiming the two 

places, and the angles WE 
fee ab, PBC, PCT, 

&e., all being equal, 

any one of them may be 

regarded as the course. <a 


M 
The length of the seed ae hall 
1 


W ak haces 
rhumb line between /’ and 
T’, expressed in nautical 
miles, is called the dis- 
tance between J” and 7’. 
Now the shortest dis- 
tance between two places 


is the are of the great = 
circle which joins them. ¥ 

A great circle, however, Mia. 11. 
euts the meridians at 
different angles, so that to steam along a great circle would 
necessitate constant alterations in the direction of the ship’s 
head. We have therefore to choose between the rhumb line at 
every point of which the direction is the same, but which is 
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longer than the are of the great circle, and the arc of the great 
circle at every point of which the direction is different but 
which is shorter than the rhumb line. The great convenience 
of keeping the ship’s head in a constant direction, as well as the 
simplicity of the calculations involved in finding this direction, 
gives a preference to the rhumb line except over very long 
distances. } 

The irregular distribution of land and water, as well as the 
presence of rocks, shoals, &c. in the latter, frequently prevent a 
ship steaming along the rhumb line which joins the two places ; 
therefore, before determining the course, it is necessary to 
discover if the rhumb line to her destination is interrupted by 
land or other obstacles, and if so, to determine one or more 
intermediate destinations, the rhumb lines between which are 
uninterrupted. Jor this purpose charts are constructed upon 
which the coast line, rocks, shoals, &c. are accurately depicted, 
and of such a nature that the rhumb line joining any two places 
is represented as simply as possible, that is, by a straight line. 

The chart which serves these purposes is called a Mercator’s 
chart, and we have now to explain its construction, but before 
doing so we shall give the proof of an important relation which 
is frequently required in navigation. 


19. Relation between the arc of a parallel of 
latitude and the corresponding are of the equator.— 
In Fig. 12, let eq be an arc of a parallel in latitude L, and let 
the meridians of e and q intersect the equator in # and Q 
respectively. 

Let C and ¢ be the centres of the arcs YQ and eq respect- 
ively. | he eee 


Hiewl2: 


Then are eq = ec X c.m. of ecg 
= ec X em. of HCO 


DER Seng oe le 
R? eA 


15 Art. 20. 


Now 
ee ee : 
— = “ = gin ceCe = cos HCe = cos: L. 
EC eG 
Therefore 
eq = EQ cos L 


or H@ = eq sec L. 

20. The Mercator’s chart.—The Mercator’s chart is 
constructed on the following principles :— 

(1). Rhumb lines on the earth’s surface are represented by 

straight lines on the chart. 

(2) Angles on the earth’s surface are equal to the corre- 

sponding angles on the chart. 

The equator is a rhumb line, and is therefore represented 
by a straight line on the chart. For simplicity, let us suppose 
that the chart is full sized; that is, let us suppose that the 
length of the line eq which represents the equator on the chart, 
Fig. 18, is equal to the length of the earth’s equator. The 
distance between any two meridians at the earth’s equator 
is consequently equal to the corresponding distance on the 
line eq. 

The meridians are rhumb lines, and they cut the equator 
at right angles; therefore, from (1) and (2), the meridians are 
represented on the chart by a system of parallel straight lines at 
right angles to the line eg, and their distances apart on the 
chart are equal to their distances apart at the equator on the 
earth’s surface. 

The parallels of latitude are rhumb lines, and they cut the 
meridians at right angles; therefore, from (1) and (2) the 
parallels of latitude are represented on the chart by a system of 
parallel straight lines at right angles to the meridians. 

We have now to find at what distance from eq, the various 
lines should be drawn which represent the parallels of latitude. 

To do this, let us consider a rhumb line which does not run 
either North or South, as a meridian, or East or West, as a 
parallel of latitude. 

Let #'T be arhumb line on the earth’s surface, joing the 
point fF on the equator to a point JT, then FT by (1) is 
represented on the chart by a straight line ft. 

Let a large number of equidistant parallels of latitude be 
drawn between F’ and 7, and let the length of a meridian 
intercepted between any consecutive two be dl. 

Let the rhumb line FZ’ intersect any two consecutive 
parallels in A and B. 

_ Let the meridians of A and B intersect the equator in A’ 
and C’ respectively, and let the parallel of latitude through A 
intersect the meridian of B in C. 

Let the corresponding points on the chart be denoted by 
small letters. 

If CB, that is dl, is so small that the triangle CBA may be 
considered a plane triangle right-angled at C, then, since by 
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7 Chart. 
Fig. 13. 


(2) angles on the earth’s surface are equal to the corresponding 
angles on the chart, the two triangles ABC, abe, are similar, 
and therefore 

cb ca ca 1 

CB CA GAA Coscia Coane 
where L is the angular latitude of A, and the spheroidal form 
of the earth is neglected. 


Therefore “vee OB 
| Cos L 
se eb = dl sec L 


Therefore, if two near parallels of latitude intercept a length 
dl of a meridian, the corresponding length on the chart is 
dl sec lL, where L is the angular latitude of the lower parallel. 

Let the angular latitude of B be L + dL, so that CB, that is 
dl, subtends an angle dL at the centre of the earth. 

Then if B is on the n™ parallel, L ={(n — 1) dL, and 
cb = dl sec (n — 1) dL. 
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Therefore the length of a’a on the chart is 
—dlsec 0+ dl secdlb + dl sec2dhb + .. + dl sec (n—1) dl. 
Now dl = R x dL, where PF 1s the earth’s radius. 


Therefore 
wa= Rk x db [sec 0+ sec dL + sec 2dL +... +sec (n—1) AZ} 
The value of this series, when v is infinite, is 


90° ++ L 
AGT) a5, 
or, reduced to ordinary logarithms, 


te) 

R x 2°302585 x log tan 20 F 4 

When F is expressed in nautical miles, the value of this 

expression is called the meridional parts (m.p.) for latitude D 
and is tabulated in Inman’s Tables for every minute of arc from 
0° to 90°. Therefore the distance on the full sized chart, 
between the line which represents the parallel of latitude L and 
the line which represents the equator, is the meridional parts 
for latitude L. 
It follows that the length on the chart, between the lines 
which represent the parallels of latitude L and L’, is the 
difference between the meridional parts for latitude L and the 
meridional parts for latitude L’, and this difference is generally 
written d.m.p. 

When L = 90°, the meridional parts become infinite and 
therefore the chart of the earth’s surface extends to infinity in 
either direction perpendicular to the equator. 

It will be seen that on the full sized Mercator’s chart small 
lengths are sec L times their length on the earth’s surface, and 
that small areas are sec’ L times their areas on the earth’s 
surface. 


It should be noticed that 

eae eA alas Bie BE 
Fis anh Fahl oORG Bing: wie Tiat 

which is the relation between the distance ft. on the full-sized 

Mercator’s chart and the actual distance FT’. 


21. Construction of a Mercator’s chart.—''o con- 
struct a chart of convenient size we should mentally construct a 
full sized chart, which we have just considered, and then 
reduce this according to some particular scale. Let.us construct 
a chart of the earth’s surface on a scale of 10° of longitude to 
the inch, the meridians and parallels to be drawn at every 20°. 

The length of the equator is 360° or 360 x 60 nautical 
miles; therefore, since the chart is to be drawn on a scale of 
10° or 600 nautical miles to the inch, the line representing the 
equator-is 36 inches long. Draw a line of this length to 
represent the equator in the middle of the sheet. 

Since the meridians are to be drawn at every 20°, and the 
scale is 10° of longitude to the inch, divide this line into 18 
equal parts, each 2 inches long. Mark the left hand extremity 
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of the line 180° W., and then, towards the right, mark the 
intermediate points of division 160° W., 140° W., &c. down to 
0°, then 20° EK. 40° E., &c., as far as the right hand extremity 
which mark 180° E. Thr ough these points er ert perpendiculars 
to represent the meridians. 

_We have now to draw the parallels of ism at every 20°. 
On the full sized chart the distance of the parallel of latitude 
of 20° from the equator is the meridional parts for 20°. Now the 
meridional parts for 20° ig 1225°14 nautical miles, and ona scale 
of 10° of longitude to the inch, which is the same as 600 
nautical miles to the inch, this is represented by 2°04 inches. 
Draw two lines parallel to the equator on the chart at a distance ~ 
of 2°04 inches from it; mark the extremities of the upper 
line 20° N. and the extremities of the lower line 20° 8. These 
lines represent the parallels of 20° North latitude and 20° South 
latitude respectively. In the same way all the other parallels 
may be drawn. 

The configuration of the land, the positions of rocks, shoals, 
&c. may now be placed on the chart by means of their respective 
latitudes and longitudes. 

In order that charts may be on a large scale, it 1s necessary 
to construct them for portions of the earth’s surface only. In 
such charts the equator may not be included, and the differences 
between successive parallels of latitude on the chart are found 
by reducing to inches, according to scale, the differences between 
the corr esponding meridional parts, 

As an example, let us construct a chart from 142° E. to 146° 13% 
and from 54° N. to 58° N., the scale of the chart being 1° of 
longitude to the inch. The meridians and parallels are to be 
drawn for every degree of longitude and latitude respectively. 

The difference of longitude of the extreme meridians of the 
chart is 4°, and, since the scale of the chart is 1° of longitude to 
the inch, we draw a line 4 inches long at the bottom of the page, 
(Fig. 14), to represent the parallel of latitude of 54° N. Divide 
this line into four equal parts, and mark the left hand extremity 
142° E., the right hand extremity 146° E., and the points of 
division as in the figure. 

Through the extremities of this line, and the three pomts of 
division, erect perpendiculars to represent the meridians. 

The distances between the various parallels of latitude ¢ are 
found as shown in ae Set tabular form :— 


Latitude. | Mer. Parts. d.m.p. a mp 
c% Rik? | 
’ Nautical Miles. | Nautical Miles. , Inches. 
58 sen te 1114687\) |e 
57 418262 digs, 
108° 72 1°81 
56 4073-90 | 
a6 | ees 105-93 1-76 
55 priein4 103:33 | 1°72 
54 | 386464 ; 


Se i ee SE — 


14:2°E. 14.3°E. 144°E. 143°E 146°E 
ea ER Pancdag B 58°N 


5C°N, 


55°N. 
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We now draw the parallels of latitude. The parallel of 55° 
is drawn at a distance of 1°72 inches from the line at the bottom 
of the page. The parallel of 56° is drawn at a distance of 1°76 
inches from the parallel of 55°, and so on. 

In order to be able to put down positions on the chart with 
accuracy, it is necessary to graduate the extreme parallels and 
meridians of the chart. The graduation of a parallel is the 
same as that of the equator, and simply consists of dividing the 
length representing degrees into a number of equal parts. ‘The 
graduation of the meridian is effected by carrying still further 
the process of finding the positions on the chart of the parallels 
of latitude. In Fig. 14 the chart has been graduated for every 
10’ of latitude and longitude. 


22. Plotting positions on a Mercator’s chart.—- 
Example. Plot on the chart Fig. 14 a position # whose latitude 
is 56° 50’ N. and whose longitude is 142° 50’ E. 

The position obviously falls within the rectangular area on the 
chart comprised between the parallels of 56° N. and 57° N. and 
between the meridians of 142° EK. and 143° E., the nearest 
parallel being 57° N. and the nearest meridian 143° E., so that 
the position lies near to the N.E. corner of the rectangle. 

Place the edge of the parallel rulers against the parallel of 
57° N., move it until its edge passes through the graduation of 
56° 50’ N. and then draw in a short line representing a portion 
of the parallel of 56° 50’ N. in the neighbourhood of the N.E. 
corner. Again, place the edge of the parallel rulers against the 
meridian of 143° E., move it until its edge passes through the 
graduation of 142° 50’ K. and then draw a short line representing 
a portion of the meridian of 142° 50’ EK. in the neighbourhood of 
the N.E. corner. The intersection of these two short lines is 
the position on the chart required. 


23. To find the compass course from one 
position to another.—Let f andt be the two positions on 
the chart. Join ft by astraight line, then we notice that the 
direction of t from f is between South and East (true). If we 
measure the angle which the line ft makes with the meridian, 
we find it to be 146° 30’, and consequently the true course from 
F to T is 146° 30’. We have now to find the compass course. 


True course = + 5 ~) 4G 
180 00 
S, 30800 
Variation from variation chart - - 8 lay 
Magnetic course - - - 8.25 1g 
Deviation from deviation table - - 3 45 W. 
Compass course - - - 8. 21 3350e 


Therefore the compass course to steer is 8. 213° E. 
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On the majority of the published charts a diagram of a 
compass card is printed which gives magnetic and true directions 
for every degree. Fig. 15 shows such a compass card, the 
variation being 7° 40’ W. 
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When such a compass is printed on the chart the magnetic 
course may be found by transferring the line ft, by means of 
the parallel rulers, to a position passing through the centre of 
the compass; the magnetic course -may then be immediately 
read off. When using this method we must bear in mind that 
the variation changes slightly from year to year; conse- 
quently the information given on the engraved compass card 
should be examined and, if necessary, a correction made 
to any direction taken from it. For example, in Fig. 15, the 

u 17415 C 
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variation is given as 7° 40!’ W. (1916), decreasing about 8’ 
annually. | . 
Course as taken from compass on chart - S$: 25°45'H. 


Change in variation (1912 to 1916) — - 32 W. 
Magnetic course (1912) - , - - §, 25 16 
Deviation from deviation table - - 3.45 W. 
Compass course - - : - §. 21 28 E. 


therefore the compass course to steeris 8. 21°3 E. as before, 


24. To find the distance from one position to 
another.—Let the two posi- 
tions on the Mercator’s chart 
be f and t (Fig. 16). Let the 
parallel of latitude through 
f intersect .the meridian 
throug bane i et eve 
and M be the points on the 
earth’s surface represented 
by f, and m.on the chart, 
then the length of FT’ is the 
distance between the points 
represented by f and t, and 7 
TM is the difference of lati- Fie. 16. 
tude bétween the same points | 
and may be ascertained from the graduations at the nae of 
the chart. 

Now a =a ue ($ 20); therefore ft represents the dis- 
tance on the same scale as tm represents the known difference 
of latitude. Thus, if the latitudes of F and T are 15° N. and 
16° N. respectively, and if the lengths of ft and tm on the 
chart are 3 and 1°5 inches respectively, the distance is 
120 miles. 

The degree of accuracy anes obtained is seldom necessary, 
and it is customary to take, on the dividers, the largest con- 
venient length, say, that corresponding to. a) difference of 
latitude of 10" (ab in. Fig. 16) from the side of the. chart, and 
from that part.of the. scale midway between the parallels of 
F and T, and to ascertain the number of miles represented by 
ft on the assumption that fé represents the distance on. the 
same scale as ab represents 10 miles. 


16°N. 


The latter method is sufficiently accurate for all Bee: 
purposes, provided the distance does not exceed 600 miles. 
For example, in latitude 60°, if we take for scale the length at 
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the side of the chart which represents a difference of latitude . 
of 10 miles, the error, provided that the dividers have been . 
accurately set, will not exceed 1 pa cent., when the distance | 
is 600 miles and the mean latitude 60° : 

Where ‘the rhumb line crosses the equatdr we may “till 
measure distances in this manner, but in all cases where great 
accuracy is required the distance should be found by Balealation: 
as explained in the following chapter. 


- 25..To allow for a current when finding the course. 
—When a ship’s motion is influenced by ‘currents or tidal - 
streams, her direction of movement is not, in general, the same 
as that of the fore-and-aft line. The direction of the ship’s 
track at any time is called the course made good, and the actual 
speed over the bottom of the sea in that direction is called the 
speed made good; the latter is often referred to as the speed 
over the ground, in distinction to the speed through the water. 

The direction in which a current is running is called the 
set of the current, and the speed in knots at which it is running 
is called the drift of the 
current Thesetand drift ofa 
current may be obtained from 
a chart called a current chart, 
and the direction and rate of 
a tidal stream from an atlas 
called a tidalatlas, as explained 
Preeart,. Lit. 

To find what course should 
be steered in order that the 
course made good should be 
as desired, the triangle of 
velocities is employed. 

Hxample.-—-In § 23 the 
magnetic course has been 
found to be S. 25°L E. From 
the current chart it has been 
found that a current running 
S.S.W. (mag.) 2 knots wil! 
probably be experienced. It 
is required to find the com- 
pass course. from f, Fig. 17, 
lay off fx to represent S.S.W. 
2 knots (the set and drift of 
the current expected) on any 
convenient scale. With centre 
« and radius «xy to represent 
10 knots (the ship’s speed 2 i 
through the water on the same Bia. 1. 
scale) describe a circle cutting 
ft in y; then the direction of xy which is 8. 34° E. (mag.) 
gives the course in order to make good S. 25°4 E. ( mag.) on 


C 2 
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the assumption that the set and drift of the current is 8.S.W 
2 knots. 


Magnetic course 


: 2 - - $345 
Deviation from deviation table = x AY ee 
Compass course - - - - Se 30bse 


The speed made good along the line ft is given by the 
length fy. which represents a speed of 11°2 knots. 


be 
on 
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CHAPTER IV. 
) THE COURSE AND DISTANCE BY CALCULATION. 


H t ‘ 


26. Fundamental formule for the rhumb line.— 
When great accuracy is required, the course and.distance are 
found by calculation. 
In Fig. 18 let FT be 
the rhumb line joining 
two places Ff’ and T. 
Between. F' and 7" let.a 
large number (n) of 
equidistant parallels of 
latitude be drawn cut- 
ting the rhumb line in 
Pee BU, &c. 

Let the meridians 
through these points 
intersect the equator 
pee . Bi. C'S &e. 
and the parallels of 
latitude in X, Y, Z, &c., 
as in the figure. 

In the small tri- 
angles FAX, ABY.. 
BCZ, &c., the angles 
sew, AY B, BZC,. &c., 
are right angles; the 
angles FAX, ABY, 
BCZ, &c., are all equal, each being equal to the course; also 
the sides AX, BY, CZ, &c., are all equal; therefore the triangles 
‘are equal in all respects, and, as they are very small, may be 
considered plane right angled triangles. 


In the triangle FAX, 


AX = FA cos course 
“n.AX =n. FA cos course 


..d Lat. = Distance cos course .. ..). (1 
Again | 
FX = FA sin course 
my. LX =,n,.,fA sinscourse. 
Now FX + AY + BZ + Ke. is called the departure (Dep.) and 
is named East or West according as the d Long. is named East 
or West. 
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Since FX = AY = BZ = &c., the departure = n. FX. 


.. Departure = distance sin course. .......-+-- (2) 
Dividing equation (2) by the corresponding sides of equation (1), 
we have | 

departure 


Tan course = 77 ac (3) 


927. Formula for the AS PeriS: anes he 18 let the 
latitudes of F and T be L and L’ respectively “and let the 
difference between the latitudes of adjacent Dela Se bedJL, then 
we have. | 


| ee == POX SeCr Ls ae ae sec L 


A'B' = AY sec(L + dL) = ——~ sec iL -+ dL) 
B'O! = BZ sec (L + 2dL) = —~'sec (L +:2dD) 
and so on. | . 
By addition we have, since DA’ + A’B' -+ B/C’ + &e. is the 
d Long., | 
d Long 
aan | sec L-+ sec (LZ + dL) + sec (L 4+ 2dL) rf os BOC ie an)’ | 
= ae | sec 0+sec dL + sec 2dL+... +sec (L' — dL) 
— sec 0 — sec dI, — sec 2dL . . . — see (L— at) | 
Now : 
' ay hd Lat. 
nx RdL=d Lat. = Paz 
eeiignes i nee | see O+-sec dL-+sec 2dD-+. + sec G/ ean) 
d Liat. oS eg 
. 77 see: 0.— see. dL — sec 2d — . — sec Lat) | 


the product. of R dL and the difference of the two series within 
the brackets on the right is the difference of the meridional 
parts between F’ and T (§ 20). 


Therefore 
d Long. = mao - =i 
Or 
CL ore sonat nA 
Dep, = Cbs * 2 et 2 4). 
SHiugs d.in.p. (4) 


28. Formule for course and sett = 
From (3) and (4) we have 
d toed 


‘Tan course = - 
d.m.p. 


27 Art. 29. 
_ From (1) we have 
Distance = d Lat. sec Course. (A) 


When the d Long. is 0°, the course is 0°, and the distance is 
equal to the d Lat. 


From (2) we have , 
Distance = Dep. cosec Course. © (B) 
- When the d Lat. is 0°, the course is 90° and the distance is 

equal to the departure. 
. On account of the different tates at which the secants and 
cosecants of angles which are near ()° and 90° vary, it is advisable 
to find the distance from formula (B) when the course 1s very 
large. 

_ Hxample:—Find the course and distance from Plymouth, 
Tat; 50° 20 N.,.Long. 4° 9’ W., to Bermuda, Lat. 32° 19’ N., 
Long. 64° 49’ W. 


Plymouth - - - Lat. 50° 20’ N. m.p. 3505°70 Long. 4° 09’ W. 
Bermuda - - i OLN tos) Oa i .0 4a 407 Ws 
18 01 S. d.m.p. 1454°87 60 40 Ww. 
60 60 
d Lat. 1081" 8. d Long. 3640' W. 
d Long. 3640 


i  danp Land 87 
3640 log 3°56110 
1454-87 log 3-16283 


68° 12':7 L tan 0.°39827 


Therefore, since the d Lat. is South and the d Long: is West, the 
course is S. 68° 12’°7 W. 


Distance = = d Lat. sec course = 1081 sec. 68° 12':7 
2 1081 Jog 3°03382 
68° 12’-7 L sec 0°43043 


2912 log 3° 46425 


Therefore the distance is 2,912 nautical miles. « 


29. Approximate formula for the departure.— 
We have from (4), 


Bae? Long. x d Lat. 


Dep. = 
ie d.m.p. 
d Long. x n.dl 
Dep = ditsec L+sec (L+dL)-+sec (L+2 dL) +... . + see (L/—dL)] 
_n.d Long.. } 
sec. IL + sec (I a dl) + sec (D+2daL)+ ..—.. +s8ec (L'— dL) 


Now the series in the denominator on the right consists of 
n terms, the terms being the secants of n gradually increasing 
angles. If the secants of the angles increased at the same rate 
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as the angles themselves, the series would be equal to n times 
the secant of the mean of the angles, that is, since dL is in- 
definitely small, 

n. sec — 


D+ 

2 

Now the secants increase faster than the angles themselves, 
so that, if we assume this value for the series, the smaller the 
number of terms in the series, the more correct our assumption 
will be; in other words, the smaller the d Lat. the more correct 
our assumption. 

Again, while the secants of small and medium angles 
increase slowly, the secants of large angles increase very 
rapidly, so that the smaller the angles in the series—that is, the 
smaller the latitudes L and L’, the more correct will be the 
assumption. Therefore, when the d Lat. is small, and when 
the latitudes are not very great, we have 


lf 
= d Long. cos name 


ie 


ame Or nas by ; 
Therefore, calling ~— a a the middle latitude, we have the 


approximate formula 
Dep. = d Long. cos@hid, Lat) ee 


In the above we have assumed that the two places are on 
the same side of the equator. When the two places are on 
opposite sides of the equator, we have t Oe oe ae 

Dep. = 

d Long. x d Lat. by 
dl [sec 0 + secdL + .. + sec (L— dL) + sec0 + secdl +..+ sec(L' — dL) ]. 
d Long. x.d Lat. 


“eeriet 0 L' 
n. dl sec + m. dl sec eset: 
where » and m are the numbers of terms in the two series. 
Therefore if 1 is the linear latitude corresponding to L, and 
l’ the linear latitude corresponding to L’, we have 
d Long. x d Lat. 
: patads 8 


lL sec 5 41.1’ ee “ 


Dep. = 


Now, if neither L or L’ is greater than 10°, we ‘have 
. if; 1E: . 
approximately sec g = 86g = 1, and the approximate formula 


for the departure, when F and T are on opposite sides of the 
equator, becomes 


Depi:=:dLong.i9. 00 eee GB): 
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30, Approximate method of finding the course 
and distance by the traverse table.—JIt will be 
noticed from (1), (2), 
and (3) that the d Lat., Departure 
Dep. and distance may 
be regarded as the three 
sides of a plane right- 
angled triangle whose 
hypotenuse is the dis- 
tance, the angle adjacent 
to the d Lat. and opposite 
to the departure being 
the course. 


A table, called — the 
traverse table, which | 
merely consists of the | Fie. 19. 
solutions of a large num- 
ber of plane right-angled triangles, has been constructed and 
is given in Inman’s tables. The sides of the triangles are 
named as shown in Fig. 19. 

The table gives tHe sides of right-angled triangles whose 
hypotenuses vary by unity from 1 to 600, and whose angles 
vary by 1° from 1°-to 89°. The hypotenuses are shown at the 
top of the page and the angles at the sides. The arrangement 
of the table is such that the length of the side of the triangle 
adjacent to an angle-is shown on that side of the Colne 
nearest to that angle, as will be seen by comparing the 
following extract from the traverse table with the triangle 
shown above it :— 


AeGat: 


a ae avn Mea ya 
| | i | | | 

OM tl ll Diff. | Dep. | . Wate he rent Gace 
| Lat. | | 
| | 

ee Peat e TRON MS il Bs 

Be Ood Live onus . Dep. Diff. does Pw Pe Ga: 
| Lat. 


‘The traverse table may be used for the solution of any 
formula which includes two lengths and a trigonometrical 
ratio. 
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_ We must be careful to remember that, under any particular 
hypotenuse, the number nearest an angle gives the - side 
adjacent to that angle; for example, in the portion of the 
tahle shown above, 162°9 is the side adjacent to 55°, and 
therefore 232°6 is the side opposite to 55°. Again, 232°6 1 is the 
side adjacent to 35°, and therefore 162°9 is the ge opposite 
to 39°. 

Thus we see that 
16209 


SoA es COs 50° 
TESYAD OW IYP ERO) MK 
984 = Sin Doe 
2ocNo er 
162°9 > = ‘tan 00. 


As an example, let us solve the equation 
x = 284 cos 55”. 

Entering the table with 284 as hypotenuse, the side 
adjacent to the angle 55° is 162°9; therefore « is 162°9. 

It will now be seen that this table may be used for finding 
the departure when the d Long. and Mid. Lat. are given, 

Hovample. ‘—If the d Long. is vee and the Mid. Lat. 55°, 
have (§ 29) 

Dep. = d Long. cos Mid. Lat. 
= 284’ cos 55°, and, using the table as , shown 

above, we find flies the departure i is'‘162':.9: | | 

We will now show by an example how the course and 
distance may be found by means of the traverse table. 

Hxample:—Find the course and distance from F' Jat. 
56° 50’ N., Long. 142° 50,06. to 2 Lat. 95° 00 ie 
145° 00’ E. 


F Lat. 56° 50’ N, Lat. 56° 50’ N. Long. 142° 50! B, 

T ,, 55° 00'N. , Bd° 00' N. , - 145° 00! E. 
Landes. 2/111 50 210 &. 
60 2 Ha 60 


— Mid. Lat. 55 55 N. 
d Lat. 110’ 8. 


d Long. 130’ E. 


Dep. = d Long. cos Mid. tone 
» = 130" cos.55°.55..= 72'°8 by traverse table. 
fh Dep. Hie 
Teo ar aa at ame ID: 
Searching the tables till we find 72°8 as Dep. corneal 
to 110 as d Lat, the course and.distance will be found to be 
8 33°% E.,.132 miles. 
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CHAPTER -V. 


THE GREAT CIRCLE TRACK. 


31. The gnomonic chart.—In § 18 it was remarked 
that the shortest distance between two places is along 
the are of the great circle which joins them. When a saving of 
time is a prime consideration, it 1s necessary to find how a ship 
should be steered in order that her track may coincide as far as 
possible with the great circle arc. To do this it is necessary to 
lay down the great circle arc on the Mercator’s chart, and this 
is easily done by the aid of charts constructed on the gnomonic 
projection. On these charts great circles are represented by 
straight lines, and therefore they show at a glance whether the 
great circle track leads the ship into any danger. 


The gnomonic chart is constructed on the following 
principle—Every point of half the surface of the earth. is pro- 
jected from the centre on toa tangent plane at some selected 
point, called the point of contact. 


The plane of the equator contains the earth’s centre, and, 
therefore the equator, when projected from the centre on to a 
tangent plane, becomes astraight line. Similarly, the meridians 
become straight lines converging to that point which is the 
projection of the pole; and every great circle of the earth 
becomes a straight line. 

The planes of the parallels of latitude do not contain the 
earth’s centre; therefore parallels of latitude when projected on 
to the tangent plane become curves, which are sections of 
cones. 

In Fig. 20, let a tangent plane YZ touch the earth at the 
point of contact C whose latitude is £,, and let us consider the 
projection of meridians, parallels, &c., on this tangent plane. 

Let eq be the projection of an arc of the equator HQ, and p 
be the projection of the pole P: then pCq is the projection of 
the meridian of C, and is called the central meridian of the 
chart. 

Let L, and L, be the latitudes of two points A and B on the 
central meridian, and situated on either side of the point of 
contact C. Let a and b be the projections of A and B on the 
tangent plane. | 
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T’o find ab. 
We have 


ab = aC + Cb = OC tan a0C + OC tan DOC. 


Now OC = R, the radius of the earth, 
aOC = gOC — qOA = Lg — Ly, 
and bOC = 7OB — G0 =, — Le. 
“ab = R tan (Lg — Ly) +R tan (L; — Ly) - 


Yi 


(1) 
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Let us now consider the projection of a meridian A’B’ whose 
longitude differs from that of the central meridian by G. 

Let great, circles be drawn through B and A intersecting the 
central meridian at right angles and the meridian B’A’ in the 
points B’ and A’. Let the projections of these great circles be 
the straight lines bb’ and aa’ respectively. Since the great. 
circles BB’ and AA' are perpendicular to the central meridian, 
the lines aa’ and 6b’ are perpendicular to ab. 


_ To find aa’ and bb’. 


With centre p, describe a sphere of any radius to cut the 
lines pa, pa’, and pO in the points ¢, x, o respectively ; then the 
spherical triangle cxo is right-angled at ¢, since the plane pxe 
is perpendicular to the plane poc. The angle «oc being the 
angle between the pianes of the two meridians is equal to their 
difference of longitude G. The side oc is equal to the angle ope, 
which is equal to 90° — pOC since pCO is aright angle; therefore 
o¢ is equal to the angle COQ = latitude of cs Jee 


Let the angle xpe be @, then the side xe of the spherical 
triangle is also 6. 


In the right-angled spherical triangle oxe we have, 


sin Ly = tan 6 cot G, 
Peramn 6 = simile tanG: 


In the plane right-angled triangle paa’ 
aa’ = ap tan 6 = (aC + Cp) tand 


Now aC + Cp = OC tan a0C + OC tan pOC 
= FR tan (L, — L,4) + Rk cot Log, 


ooh = Rj tan Ty, Ton L,.| sin L, tan G 


or, in a form adapted to logarithms, 


aa’ = R cos L, sec (Ly — Foy tania - (2) 
Similarly, 6b’ = R cos Lz sec ee —I,)tanG - - (3) 


Let us now consider the projection of the parallel of 
latitude L,. To do this it is necessary to fix, on the projections 
of the meridians, the BIplecHens of all points whose latitude 
is Lip. 


Let a circle CC’ C”’ described on pC as diameter intersect the 
projections of the meridians in a series of points C,’C"’, &. ; then 
the projections of the points of the parallel of latitude L, are 
placed on the projections of the meridians by reference to the 
points C, OC’, C’’, &e. 
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To place the point C’, 
C"’", &c., on the projections | 
of the meridians. ; 

The «circle 0G’ C" is: 
described on pC as. dia-_ 
meter; therefore, the angle . 
CO'p being the angle i in a 
semicircle is a right-angle ; 
therefore, the points ©’, 
Ci .&e., are: the feet of 
the perpendiculars dropp- . 
ed from, the point of con- 
tact Con to the projections 
of the meridians. | 

Let the projection of 
the parallel of latitude L, 
intersect the various meri- 
dians in d, d’yrd/"> &eioas | 
shown. in Fig. 21. ee ' Fig. 21. 

To find the length Cd. 

In the triangle dOC we have 

dC = OCtand0C = OCtan (dOq — COq) | 
Peni tan Lily es ge a ee ; =e 

To find the length O'd’, 

Remembering that OCO’ and: CC’p are right angles, we 
have 


OC" = 00" + GER st Opi pO) er(pO ope) 
OC”? = Op — pC”, 
from which it follows that the angle OO'p is a right angle, 
and consequently the angle Op@' is.the latitude of C’ = Lg’. 
Now in the triangle OC'd' we have 
O'd' = OC? tan d' OG = Oe “ant i, aa 
Also in the triangle OpO’ 
| OO' = Op'sin OpC’ = Op sin L,', 
and in the triangle pCO 
Op = OC cosec 0p0 = R cosec Le, 
“Therefore OC’'= R cosee’Lig sin'L,y'’. 
Therefore C’d’ = R.cosec J}, sin L,/ tan (L,:— Lg)» 
Now the side ox of the spherical triangle 0c (Fig. 20) is 
equal to the atigie opa ='Lp'. ; 
~ Therefore’cos' G = tain DS cot Ly"; or tan: ny a - tan De sec Gt | 
Therefore to find O'd' we have the formulee | 
O'd' = Rcosec L,sin L,/ tan Ly — [,') 


where tan Lo’ = tan Ly seaxG yy. i: De 5, ©) 
»When L118, ‘greater than. Eas C'd! aan a i aid of nivi f 
the pole,:and, when less, depres theequator.i ic amunoepong on 


“At: thes point: of contact, angles‘ on. the-earth’s: inetecil are 
ree) represented on the chart; when .the . angle, between, 
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a great.circle through the point of contact. and a great circle 
which does not pass through the point of contact, is a right 
angle, this angle is correctly represented ; with these exceptions, 
angles on the earth’s surface are not correctly represented. 


32. Special cases of the gnomonic chart.—When 
the. point of contact is at either pole, the meridians are projected 
as straight lines radiating from the point of contact, the angle 
between any two lines being equal to the dLong of the meridiang 
of ‘which ‘they are the projections. The parallels of latitude 
are projected into a system of concentric circles, the centre 
being the pole. ‘The radius of the parallel of latitude I, is 
OL Li, | 

When the point of contact is on the equator, the meridians 
are projected into a system of parallel straight lines; the 
equator is projected into a straight line perpendicular to 
the meridians; the parallels of latitude are projected into 
hyperbolas. 

From formula (2), or by drawing a figure, we see that the — 
distance of any meridian from the meridian through the point 
of contact is & tan G. 

From formula (5), or by drawing a figure, we find that the 
distance from the equator of a point on the parallel of latitude 
Ly, is F sec G tan L,,. 


- 33. Construction of a gnomonic echart. — The 
formule (1), (2), (3), (4) and (5) all involve one linear 
measurement, namely the radius of the earth RA, so that the 
size of the chart depends on the length ‘which we assign: 
to R. To determine this we must take into consideration the 
height of the sheet of paper at: our disposal, which: we: will 
suppose to be h inches, so that, the length ab on: the chart ish 
inches. | 


_ 
_-~ 


_ 
—~ — 
— ae eee om an pa ed ed 


all all a! a 

| Fig. 22." 

Referring to Fig. 22, draw ba down .the middle of the page 
and divide it at the point C.so. that .bC = R. tan. (LD, - Lig), 
and Ca = R tan (Lg — Ly). 
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Through a and 6b draw two lines at right angles to ab. 
From formula (1) we have, since ab is. represented by. hk 
inches on the chart, | 
h inches © 


e tan'(L, —L,) + tan (LL) 
and this gives the value of R which is to be used in formule (2), 
(3), (4) and (5). 

From a, lay off aa’ as calculated from (2), and from 6 lay 
off bb’ as calculated from (3). 

Join a’b’; then ab! represents the meridian whose longitude 
differs from that of ab by G. In the same way another meridian 
a'’b’’ can be drawn whose longitude differs from that of ab by 
2G,and so on. 

From C drop perpendicuiars CC’, CC’’, &c., on to the 
meridians. 

To draw the parallel of latitude L, lay off Cd as calculated 
from (4). From C’ lay off C’d’ as calculated from (5). From 
QO" lay off C’'d"’ as calculated from (5), and so on. Through the. 
points d, d’ d’’, &c., draw a curve ; then this curve will represent 
the parallel of latitude L,. In the same way any other parallel 
may be drawn. 


As an example of the above, let us construct a gnomonic 
chart on a page of this volume. The central meridian of the 
chart is to extend from lat. 30° S. to lat. 60° 8., and inelude as 
many meridians (10° apart) as possible. The point of contact of 
the chart is to be in lat. 45° S., and the longitude of the central 
meridian is to be 120° W. 


By formula (1) and considering the size of the page available 
(Fig. 23), we find that a value of 8 inches for FR will be suitable, 
and we shall therefore construct the chart on the scale R = 
8 inches. 

Formula (1) gives ab = 4°288 inches. Draw a line ab, 
4°288 inches long, down the middle of the page, as shown in 
Fig. 23. Since (L, — L,) = (Ly — L,4) the point of contact C 
is at the middle point of the line ab. 

Through a and 6 draw lines at right angles to ab. 

From formule (2) and (3) calculate aa’, bb’, aa’’, bb’’, &e., 
giving G the values 10°, 20°, 30° and 40°, so as to be able to 
draw in the meridians for every 10° of longitude. 

The results are as follows :— 

G 10° aa’ _‘1°265 inches bb’ ‘730 inches. 


G 20° aa’ =-2610 _e—,, bb’ 1-507 
30° “aal!" ©4140 bb'’ 2-391, 
G 40° aa” 6:018__,, bb!” 3°475 


Having laid off the points.a’, b’, &c., join a’ b’, a’ b”’, &e., 
and so obtain the meridians. Mark these meridians, on the left, 
130° W., 140° W., 150° W., and. 160° W.; and on the right 
LO WILOO Wir, 90° W and: oO" aye ee } . 


q 


The 


MOST ‘SSS ~‘M.O9T 


Tbs 
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From the point of contact C drop perpendiculars on the. 
various meridians and so find the points C’, C’’, &c. 

Calculate the latitudes of the points C’, C’’, &c., by the 
second formula of (5), and these will be found to be as 
follows :— 


‘a qi qn qu 
45° 26! 46° 4,7’ 49° 06! 52° 32! 


We shall now draw in the parallels of latitude of 30° S., 
SO 50) Sete. 00.07, sald Dosey 

First, find the distances from the point of contact C of these 
parallels by formula 4. Next, find the distances of the 
parallels of latitude from C’, C'’, &c., by the first formula of (5), 
and we find the various values to be as follows :— 


Inches. C a. Od: Cds qi gine | qn qr 
Ly 30° 2-144 | 2-224 | 2-487 | 2-961 ice 
Ly 35° 1°408 1°484 e720 2-148 — 
L,, 40° -704 -767 ‘981 12370 = 
Teds a 061 245 613 | 1-187 
boy. + 704 FASS -463 °134 ‘397 
L550. 1°408 13505 ie Tot * 884. — 


| | 
Plot the positions of d, d’, d’’, &c., for the various parallels. 
of latitude, and draw curves through them, as shown in Fig. 23; 
mark the curves 30° 8., 35° S., 40° 8., 45° S., 50° S., anda ee 
The chart is bounded on the right and left by dr awing lines 
parallel to the central meridian. 


34. To draw the great circle track on the Mer- 
eator’s chart.—To draw the great circle track between two . 
places f and t on the Mercator’s chart, first draw it on the 
gnomonie chart as shown in Fig. 23, and note the latitudes of 
the points where the track crosses various meridians. ‘These 
points should then be plotted on the Mercator’s chart by means 
of their latitudes and longitudes, and a smooth curve drawn 
through them. In Fig. 24 the curve in full line shows the 
great circle track on the Mercator’s chart, and the pecked lines 
in Figs. 23 and 24 show the rhumb line. The rhumb line hes 
on the equatorial side of the great circle track, unless it comeides 
with the equator or a meridian. | 
_ As it 1s impossible to steer along a great circle because it 
would necessitate continual alterations of ¢ course, points must be. 
selected at convenient distances -apart along the great circle 
track, and the ship must be steered from one to the other along 
the rhumb lines joining them. The closer these points are to 
one another, the more nearly will the track of the ship coincide 
with the creat circle, 
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To estimate the distance required to be steamed in pro- 
ceeding along the great circle in this approximate manner we 
have to find the sum of the distances along the several rhumb 
lines joining the points. As an example, suppose that it is 
required to steam along the great circle track from I’, Lat. 50°S., 
Long. 90° W., to 7, Lat. 45° S., Long. 150° W., and that we 
have to find the course to steer from F'’ and the distance saved 
by proceeding along the approximate great circle track instead 
of the rhumb line. 

Put down the points fF’ and 7 on the gnomonic chart; the 
straight line joining them represents the great circle track on 
this chart. We have to transfer this line to the Mercator’s 
chart, shown in Fig. 24, and to do this we transfer a number of 
points on the line F'T, Fig. 23, to the Mercator’s chart, the 
points so transferred being sufficiently close together to enable 
us to draw a smooth curve through them. 

In this example we have noted the latitudes where IT" 
cuts the meridians of 100° W., 110° W., &c., and they are as. 
follows :— 


Meridians meee eye | 110° -W. 15 120° “W.| 180° W. |" E40P WwW. 
Latitudes si Ok 2 (' 52° 00! 51° 41’ 50° 30’ 48° 20' 


| 

Plot these latitudes on the corresponding meridians of the- 
Mercator’s chart (Fig. 24), and draw a smooth curve through 
them and through the points f/ and ¢. This curve represents. 
the great circle track on the Mercator’s chart. 

To find the first course to steer and the total distance, we 
employ the approximate method explained in § 30 and find 
the courses and distances along the rhumb lines joining 
successive points. The first of these courses will be the course to: 
steer from FH’, and the sum of the distances will be the distance 
steamed in proceeding Tiomale tose. 


The work is as follows, the d. Long. made on each rhumb 
line being 600/ :— 


Lats. | Mid.Lat. | 3 d. Lat. | Dep. | Course. | Distance. 

oe” 50°43! 87 | 380’ | 8.779 W. | 390! 

59 00 51 43 33 372 — 381 

5] Ad 51 50 19 371 — 371 

48 20 49 25 130 390 — 412 

9 2 

45, 00 46 40 200 412 Mhiey Bie 2 

Total distance - 2396 
The course and distance (found by the exact feels) 

along the rhumbh line f ¢ are : - - N. 83° W. 24.50 

Distance saved - - 54 miles. 


D 2 
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It should be noticed that, in considering the great circle 
track of the ship, we are concerned with the first course only, 
that is, the course to be steered from the place of departure PF’. 
The other courses are of little importance, because it is probable 
that observations will show that the ship has not made good 
the course steered, in which case a second great circle track 
should be laid down from the observed position of the ship and 
a new course determined on which to steer. If observations 
show that the ship has been set off the great circle, it is 
inadvisable to attempt to regain the original track. 


35. Great circle track by calculation.—When a 
gnomonice chart is not available, the series of points with which 
to plot the great circle on the Mercator’s chart may be found 
by calculation, but under these circumstances we cannot tell 
whether the great circle track will lead the ship into danger 
till the points have been plotted 
on the Mercator’s chart. The 7 c 
method of calculation will be 
best shown by calculating the Vv 
latitudes of the points in the 
foregoing example. 

In Fig. 25 let P be the pole 
of the earth, and 7’ and 7 the 
two places. Then in the spher- 
ical triangle PT, PF is the fe 
co-Lat. of fF’, = 90° — 50° = 40°. iGo: 
Similarly PT’ is the co-Lat. of 
T = 45°. The difference of longitude between F’ and T' is 
60° W.; therefore the angle P is 60°. 

Having the two sides PF and PT and the included angle PPT 
the side FT is found by the formula 

hav F'T = hav (PT — PF) + hav @, 
where hav 6 = sin PF sin PT hav P. 


PF 40° 1. sin 9° 80807 
PT 45° [sin 9° 84949 
P60" TDphav’ 97 a9794 


L hav @ 905590 


Nat hav @ . “11363 
Nat hav (PT — PF) (5°) °00190 


Nat hav PT’ "11553 


AY, i! ee 39° 44’°5, 
from which we see that the distance along the great circle arc 
from F to T is 2,384°5 miles. 
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Having the three sides of the spherical triangle PF'T’, we now 
find the angle I” by the formula 


hav F' = coseec PF’ cosee PT / ‘hav (PT + TF — PP) hav Pte 


il - - - 40° 00’ LE cosec 10° 19193 
FT - - - 39 44°5 Leosec 10°19427 
PP -—FT - sated OOM Bs pets 

cd ke ome ~ - 45 00 


PRS PEO PR 244 44°51 Bay. 4° 580kg 
PT 4+ PF. FT © +45. 15:5..ADhav .4'58520 


LhavF'9° 55187 
Po (a ee 


_ We have now to find in what latitudes the great circle 
arc FT’ cuts the meridians of 100° W., 110° W., &c. 
Let PV be the meridian which cuts PT at 90°; it is first 
required to find the angle VPF' and the side PY. 
In the right-angled spherical triangle PVF’ 
tan’ P = cot l’ see PF, and'sin'PV =", Pr eae 
Bel owmloue. 17 Cougs 1i0o L.sin 9° 98132 
PF - 40° 00" = Lsec 10°11575 L sin 9° 80807 


f/ tan P 9°59280 7246 sin Ve Fo0 ae 
P=21 23" 0. PV = 38° 00%, 
| Lat V = 52? 00% 
Let the meridian of 100° W. intersect the great circle are FT’ 
in A; then in the right-angled triangle PVA we have 
VPA = VPF.S APF = 21.23 107 00> = Tie 
Also PV = 38° 00". | 


Now “tan PAs=4an PV secs PAY 
*, cot Lat, of A Stan'38° see b1238" 
Similarly for the meridian of 110° W. we have 
Cot Lal more ban oor sect aerer 
and for the meridian of 120° W. we have 
cot, Latof AY’ =4an 388° see svar, 


and so on. The calculations are shown below :— 


140° W. 
28° 37’. 


| 190° -W: 
8° 37! 


Longs. Wot U0 VV Cel el ee ve 
VPA. | Lah ers 1° aes 


130° W. 
18° 37’. 


9-g9281 | 9-89281 | 989281 | 9-89281 9°89281 
—:10°00863 | 10-°00015 | 10°00495 | 1002334 | 10°05658 
9:90144 | 9°89294 
Lats. - D1° 27! 52° 00! 


9:89774 | 9:°91615 | 9-94989 
51° 41’ | 50° 30! 48° 20) 


Sunn neon 
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Having obtained these latitudes, the curve is plotted on the 
Mercator’s chart ; the course to steer and the total distance are 
found in the manner explained in the preceding article. 


36. Great circle track by Towson’s tables.—The 
points on the great circle track which have to be transferred to 
the Mercator’s chart may be easily found by aid of Towson’s 
Great Circle Tables and Linear Index, which are supplied to all 
H.M. ships with the chart set. The instructions for using them 
are bound up with:the tables and should be carefully studied. 
When obtaining the points by these tables, it is recommended 
to draw figures as shown in the four following examples. 

Since any two great circles bisect one another, the great 
circle through F' and 7'is bisected by the equator at two points, 
Qand H#. The figures show the whole of the great circle FT’ 
and the whole of the equator. 


Hxample (1) :— 
fei 0.00 8. 7"-Lat... ‘45° 00’ 8. 
Long. 90° 00’ W. Long. 150° 00’ W., d.Long. 60° W. 
From Index the Lat. of vertex is 52°. Long. from vertex, 
iy la a 


E = E ‘“ Meridian in.” 


ETGeA20. 


Longs. : - 90°00! 00°00 110° 00! 120°00' 130°00' 140°00' 150°00' 
Longs. taro: 1023141 28:).1 299098 37 118687 | 28 37 | 38 37 
Lats. from tables -| 50 00 | 51 27 | 52 00 | 51 41 50 30 | 48 20 | 45 00 


Hxample (2) :— 
feat o4- 00’ N. 7 Lat. 30° 0OU-N. 
mone. 10°00’ W.- Long. 60° 00' W., d. Long. 50° W. 
Tat. of vertex, 55° 00’ N. Long. from vertex, 16° 00’. 


me both te 


ae 27. 


di | | 
Longs. - - - 10°00" | 20°00’, 30°00") | 40°00’, 50°00'} 60°00! 
Longs. from vertex 16 00+ 26 00 | 36 00 46 00 | 56 00 | 66 00 
Lats. - - - - Od 00 | 52 04 | 49 03 | 44 48 | 88 38 | 80 00 


| | | | | 


See ee enna nena enna 
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Example (3) :—— 


Pf Vater Lo: 457 8. 
Long. 6° 00’ W. 


Lat. of vertex, 44° 00’. 


Longs. 


Longs. from 


vertex. 


Lats. 


F 


i at 
Long. 64° 00’ W., d.Long. 58° W. 


Long. from vertex, 73° 00’. 


4d 


aye 1Us 


Ia. 28. 


73 00 | 82 00 


Pate eee cet 
(15 45) 7 41 


25°00" 


88 00 | 78 90 | 


2 
| 
| 
| 
N. 
1 56 | 


35°00! | 


N, 


E * Equator in.” 


45° 00! | 

68 00 
Ny 

19 53 


| 
i 


55° 00! 
58 00 


N. 
27 05 


64° 00" 
49 00 


N. 
32 19 


ie Lat. 


Lonvar.o 200 GW: 


Heample (4) :-- 
Sa OO MIN alae ts 
Long. 151°.00’ E., d. Long. 130° 00’ W. 


Oo wo aa 


Lat. of vertex, 37° 00’. Long. from vertex, 78° 00’. 
Longs. - 79°00’ 80°00'| 90°00! 100°00' 110° 00’ 120° 00’ 130° 00’ 40° 00” 
Longs. 78 00 | 79 00 | 89 00 | 81 00 | 71 00 | 61 00 | 51 00 | 41 00 
from | | | | 
vertex. | | 
N. N. N. 8. 8. S. oda 8, 
Lats. -, 850) 813] 0 46| 6 46 | 13 46 | 20 04 | 25 22 | 29 38 
tc aN EF. -Both ea 
HiGeacO: 
i : : Bei a 
Longs. - - '150°00' |160°00' 170°00’ 180°00' |170°00' 160°00! 151° 00’ 
Longs. from 31 00 | 21 00 | 11 00} 100); 9 00 | 19 00 | 28 00 
vertex. | | 
S. S. S. S. S: S. S. 
Lats. - - | 82 51 | 35 08 | 86 29 | 86 59 | 36 40 | 35 28 | 33 37 
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In Towson’s tables, the column headed “ course’’ gives the 
angle PF'T of the spherical triangle shown in Fig. 25, and this 
must not be confused with the course to be steered. The column 
headed “ distance,” gives the distance in miles from the nearest 
vertex, measured along the great circle FT’. 


37. The composite track.—When the vertex lies 
between the two places /’ and 1’, the great circle track takes the 
ship into a higher latitude than that of F or 7’, and in many 
cases takes the ship into a higher latitude than is desirable 
on account of the ice and bad weather likely to be encountered. 
Under these circumstances we have to determine the shortest 
track which does not cross a particular parallel of latitude. 
This problem will be easily understood by considering the 
following :— 

In Fig. 30, let A and B be two points ona line which cuts the 
circle C; it is required to find the shortest route between A and 
B without going inside the 
circle, the points and the 
eircle being in the same plane. 

From A and B draw 
tangents to the circle, touch- 
ing it at D and #; then the 
shortest route will be along 
the tangent AD, then along 
the circular arc DH, and 
then along the tangent WB. 

Similarly, if it is desired Big.730. 
to steam from I" to 7’ by the 
shortest route without crossing a certain parallel of latitude, 
great circle arcs are drawn from I and T, Fig. 31, to touch 
the parallel of latitudeat D and H. The track to be followed is 
the great circle arc FD, the arc of the parallel DE and the 
great circle arc HT. This track is called the composite track 
between F' and 7’, It is easily determined, if a gnomonic chart 
is available, by draw- 
ing straight lines from 
I’ and T to touch the 
limiting parallel of 
latitude at points 1) 
and H. The points 
on the great circle 
ares F'D and HT are 
plotted on the Merca- 
tor’s chart as shown 
above, the course to 
steer along the paral- 
lel DE is either Kast 
or West. 

We will now show, p 
by an example, how i 
the longitude of the Vie, dl. 
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two points D and E on the limiting parallel may be found by 
calculation. 

It is desired to steam by the shortest route from F, 
Lat. 29° 53’ S., Long. 31° 04’ E., to T; Lat. 34° 48’ S., Long. 
138° 31’ E., without crossing the parallel of latitude of 42°8. 

In the right-angled triangle PDI’ 

cos HPD = tan'PD cot PF = cotLat..of D tan Latyord. 

In the right-angled triangle PHT’ 

cos HPT = "tan PE‘ cot PT = cot Lat: of & tan ane@eeee 


ET cot 42° 00'- 10°04556 LT cot 42° 00'- 10°04556 
fi tan 29 53 - 9°759389 L tan 34 48 - 9°84200 
Icos FPD - 9-80496 Leos HPT - 9:88756 
FPD = 50° 20’ HPT. =, 393.28) 
Long. Fo - 31 04 HE, Long. T -138 31 E. 
Long. D - 81 24 E. Long. H - 99 03 E. 


Having now the latitudes and longitudes of D and H, we 
can calculate the latitudes of various points on the great circle 
arcs f'D and HT in the manner explained in § 35. ~ 

If we remember that the latitude of the hmiting parallel is 
the latitude of the vertex for each great circle are, we may very 
easily find the longitudes of D and # by Towson’s tables. In 
the example above, entering the table with the latitude of the 
vertex 42° and latitude of F’ 29° 53’, we find the longitude from 
the vertex is 50° 20’; and with the latitude of 7’ 34° 48’, we 
find the longitude from the vertex is 39° 28’. | 
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CHAPTER. VI, 


THE DEAD RECKONING AND ESTIMATED 
POSITIONS. 


38. The dead-reckoning position. — To find the 
position of the ship at any time when no observations for 
obtaining it are available, we have to utilise all the information 
that is at our disposal. The position of the ship depends 
primarily on the course steered and the distance run through 
the water, both of which should be known almost exactly, the 
first from the compass and the second from patent logs or other 
speed recorders, and from the revolutions of the engines. The 
position obtained from these data is called the dead-reckoning 
position, and is generally written D.R. 

The information relating to the above data is tabulated at 
intervals by the Officer of the Watch in the ship’s log. The 
Officer of the Watch should be careful when making these 
entries that the course should be the average one which he 
considers the helmsman has been actually steering the ship 
on as indicated by the standard compass, to which frequent 
reference should have been made. As regards the distance run 
on each course, he should take into consideration the reading of 
patent log or speed recorder, the known revolutions of the 
engines, the condition of the ship’s bottom, and the state of the 
wind and sea. 


39. The estimated position.—The position of the ship 
depends secondarily on the direction and distance she has 
been moved by currents, tidal streams, wind and sea, and 
imperfections in steering. 

The wind and sea combined have the effect of causing 
leeway, that is, of driving a ship to leeward of her course. 
Leeway is defined as being the angle between a ship’s fore-and- 
aft line and her wake. 


In slow-moving sailing vessels this angle is allowed for as a 
correction to the course steered. In steamers, owing to the 
difficulty or impossibility of measuring this angle, the amount 
a ship has been set to right or left of her course is usually 
estimated and allowed for. 

Another point to be considered when coasting is the possi- 
bility of an indraught into a deep bay or indentation of the 
coast. 
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The methods of estimating the currents and tidal streams 
are fully dealt with in Part IIL, and the effects of wind and bad 
steering can only be estimated by experience. 


The position found, after taking all the above into consider- 
ation, is the most probable position of the ship that can be 
ascertained from the data available, and is called the estimated 
position. 


When estimating the position of the ship, the greatest care 
should be taken that the fullest consideration is given to every 
factor which may influence her position, and it should not be 
concluded that the estimated position is the actual position, 
although, when all available data have been allowed for, it may 
be considered the most probable position. 


When shaping course from an estimated position to approach 
land or dangers, THE GREATEST CAUTION IS NECESSARY AND SOUND- 
INGS SHOULD CONSTANTLY BE TAKEN WITH THE SOUNDING MACHINE ; 
at the same time every endeavour should be made to check the 
estimated position of the ship by observations at the earliest 
opportunity. 


It is obvious that after a short run of two to three hours the 
estimated position is not so likely to be in error as after a run 
of 24 hours; therefore, the longer the interval since the position 
of the ship was last fixed by observation, the greater the distrust 
with which we should view the estimated position, particularly 
in localities where the currents are strong and variable. 


The dead reckoning and estimated positions can be obtained 
either by plotting on the chart or mooring board, or by calcula- 
tion by aid of the traverse table; this table is so called because 
it was originally constructed to assist in finding the position 
of the ship after she had steered a number of different courses, 
when she was said to have made a “ traverse.” | 


It is impossible to lay down any law as to when either 
method of working the reckoning—that is, of finding the 
estimated position, from all the above data—should be used ; 
but as a general rule, it will be found that the most con- 
venient method under any particular circumstances is the 
correct one to use. We must bear in mind, however, the degree 
of accuracy required, and therefore the position should not be 
obtained by plotting on a chart on a small scale, because small 
errors in plotting would produce large érrors in the position. 
When a chart on a large scale is not available, the position 
must be found by calculation. With reference to the term 
“reckoning,” it may here be remarked that a ship is said to be 
ahead of her reckoning when the actual position is found to be 
in advance of the estimated position, and astern of her reckon- 
ing when the actual position is found to be behind the estimated 
position. 


40. Working the 
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reckoning by chart.—<As 
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al. 


example of working the reckoning by chart, let us take the — 


following :— 


The position of the ship at 6° a.m. was Lat. 49° 00’ N., 
Long. 7° 30’ W., and she steamed as shown in the following 


extract from the ship’s log. 
was estimated to be setting E.S.E. (Mag.) 1 knot. 


During the whole time the current 


The effects 


of tidal streams, wind, and sea were estimated to be nil. 


aH co) 
Distance Standard i eal g E 
Patent Run. Beasil soe 
airs, Compass | 35 2) Ga Remarks. 
Log. a ie B Ok 
Miles.) Tenths Courses. : ® RO & = 
7 175°0 | 15 0 |S. 40° ER. | 4° EB.) 90:2 | 7.20 altered course to 
ara es ete ele a —— N. 60° E. P. Log 
| 180:0. 
Brace t ts) Plies? , ” 
8 149 0 | N. 60° H.)13°E.| 89-9 | 8.15 altered course to 
2 ae ee a ee NSO" WP. og, 
| 19327 
so |! ; " 
| 11 3 |N.80°W:| 4° W.; 90:1 | 9.0 altered course to 
tea | ‘ee nS eee ce Sa N..25° E. 
10 ON 257K, 2° W. 
10 | 220°0 5 0 |N.30°W.| 4° W.| 90:0 | 9.40 altered course to 
eee oa se ea ees ———— N.30° W. P. Log. 
215:0. 
| J 6 0 33 ) 
11 282-0 1) 6] 0 |N.68°R.| 2°E.| 61-0 /10.0 reduced to 12 
eee: ee ——— knots. 
12 | 244-0) 12] 0 k ,, | 60-0 | 10.30 altered course to 
N. 68° EH. P. Log. 
226:0. 


It will be noticed from the above that from 6 s.m. to 
7» 20" a.m. the ship steamed 8. 40° I. by compass, 20 miles. 
From a reference to the variation chart it has been found that 
the compass engraved on the chart in use (Fig. 32), for variation 


18° 16’ W.., is correct. 


We have to lay off a course and distance 8. 40° E. by standard 
compass, 20 miles, from the position on the chart marked 65 AM. 


Compass course - - §S. 40° E. 
Deviation : - 4 FE. 


oo 


S. 36 FE. 


Magnetic course - 


Ty RO 47 
H 71 \ Rogues 72 
i £e big. spk fisy-eple.ce cs Fapk 


ee See ee 


E eo ; 2. rd 


: 
R 
i ‘ “70, 
: j Jot om st 45 


MNT 


Miss RPT 
a ae a Ge a a es A mF 


Pa 


I 


Gaeeeart epn mere ——t ——t ft —berurei meer tae 
7 ? 


30 
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Place the parallel rulers on the engraved compass so that 
an edge lies on the graduations of 8. 36° EK. and N. 36° W. and 
on the centre of the compass. ‘Transfer the ruler till its edge 
lies on the 65 a.m. position, and from this position draw a line in 
the direction S. 36° EK. Gnagnetic). From the scale of latitude 
on the chart, take with the dividers a length of 20’ of latitude 
from that part of the scale which is in approximately the same 
latitude as the ship, and measure this distance from the 6» a.m. 
position along the line already drawn. ‘The position thus 
obtained is the D.R. position at 7® 20™ a.m. 

At 7» 20™ a.m. the course was altered to N. 60° E. by com- 
pass, and this course was maintained till 85 15™ a.M., so that 
the distance run on this course was 13°7 miles. 


Compass course =, oN? GOs: 
Deviation - S dee aE. 
Magnetic course -: N.614 E. 


Lay off this course and distance as above, and the position 
obtained will be the D.R. position at 8 15™ a.m. 


In a similar manner the other courses steered and distances 
run may be laid off, and the D.R. position of the ship obtained at 
any moment by reference to the scales of latitude and longitude 
on the chart. From the chart, Fig. 32, we observe that the D.R. 
position at Noon is Lat. 49° 232’ N., Long. #° 584’ W. 

To obtain the estimated position of the ship at Noon, the 
available data are—current E.S.E., 6 miles; tidal stream, nil ; 
wind and sea, nil. ‘The estimated position is therefore found 
by laying off a course and distance E.8.E. 6 miles from the 
D.R. position. We find that the estimated position at Noon is 
Lat. 49° 234’ N., Long. 6° 49’ W. 


41. Working the reckoning by calculation.—We 
will now show with the same example how the D.R. and esti- 
mated positions may be found by calculation. 

Firstly, it is necessary to correct. all courses for deviation and 
variation, as the traversetable should be entered with true courses; 
then, by reference to the traverse table we find how much 
difference of latitude and departure the ship has made on each 
course. ‘The total difference of latitude made is the algebraical 
sum of the various d Lats. The total departure made is 
assumed to be the algebraical sum of the departures made on 
the various courses. Where the distances run on the various 
courses are great, or the latitude high, or both, the error due 
to this assumption is considerable, but for a traverse which covers 
only a few hours’ steaming no appreciable error is introduced. 

The total d Lat. applied to the latitude of the last observed 
position gives the D.R. latitude required. With the total 
departure and the middle latitude (between the D.R. latitude 
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and the latitude of the last position, we can, by aid of the 
table in Inman’s for converting departure into d Lat., or by 
the traverse table, find the d Long. made from the last position ; 
this d Long. applied to the longitude of the last position gives 


the D.R. longitude required. 
shown below: 


The working of the example is 


: | | | i S| ares Dep. 
Gries Bes Pee variation) Bea) DEAE pe |e |e 
| | N. | 8. |°E | Ww 
S. 40°R.| 4° E. | 8. 36° E.| 184° W. | 8.542°R.| 20:0 | — 16°94) 
N.60 E.| 1) BE. |N.6UE ,  |N.484 E.] 13-7 | 10-0 OEY We Paes 
N. 80 W.| 4 W. |N.84 W oe SOV7E Wal lies Bac hn 
N.25 E.| 2 W.|N.23 E ,  |N. 42E.] 10-0 | 10-0 O79 ee 
N.30 W.| 4 W..1N.34 W.| ~ ,,  |N.524W.} 11-0] 6°8 ie 
N.68 E.[2 E.|N.70 B.]  , °|N.51$E.| 18-0 | 11°3 ie tia we 
ae ? TE ea ae 40°5 | 19-7. 
uw 19°7 
3 Total Total 


Latitude at 65 a.m. 


d Lat. 


D.R. Lat. Noon 
Latitude at 6® a.m. 


+ 


2/98 24 


Middle latitude 


49° 00 NS” 


24 N, 


49 24 N. 
49 00 


ey 


AQ a AZ 


d Lat. 24.0N| Dep. 20°8H. 
| 


With departure 20’°8 and middle latitude 49° 12’, we find 
from the table in Inman’s that the d Long is 32’. 


Longitude at 6" a.m, - 
d Long. - 


D.R. Long. Noon 


(OOS 
Oe tates 


6 58 W. 


D.R. position at Noon, Lat, 49° 24’ N., Long. 6° 58’ W. 


To find the estimated position at noon we must take account 
of the current in the interval, and consider another course, 
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¥.S.E., 6 miles; this is equivalent to S. 852° E. (true), 6 miles 
since the current is always given as magnetic. ‘he d Lat. and 


departure for this are 0'°4 8. and 6’°0 E. 


D.R. Lat. Noon. 49° 24’ N. D.R. Long. Noon, 6° 58’ W. 
d Lat. - 0°48%., Dep. 6'°0 E., d Long. - 9° Ks. 
Kstimated ——- Estimated ) —--——- 
latitude, \ 49° 25°60 N. longitude, ki 49 W. 
noon. — noon, 


42. Current by difference between dead- 
reckoning and observed positions.—If the position of 
the ship is found by observation to differ from the estimated 
position, it is obvious that some of our data are incorrect. As 
it is impossible to determine which of the data has been 
wrongly estimated, the difference between the actual and the 
D.R. positions is attributed to the current alone, because this 
generally has the greatest effect in displacing the ship. For 
example, in the preceding article suppose that the actual position 
of the ship at noon was found to be Lat. 49° 27’ N., Long. 
6° 46’ W. ‘The difference between the D.R. position and this 
position is expressed by finding the course and distance from 
the former to the latter, and assuming that this course and 
distance were due to the set and drift of the current in the 
interval. | 


D.R. position, noon Lat. 49° 24’ N., Long. 6° 58’ W. 
Observed position, noon Lat.49 27 N., Long. 6 46 W. 


deLatwe toe N22 d Von! 2a ie 


With middle latitude 49°$ N., and d Long. 12’ E., we find 
the departure to be 7'°8 E. Withd Lat. 3’ N., and departure 
7-8 E., we find the course and distance to be N. 69° E., 
8°4 miles, which gives the set and drift of the current as 
N. 69° E. (true) 1°4 knots. 


43. Keeping the reckoning in a tideway.—Thie 
direction and rate of a tidal stream varies at different places 
and at different times of the day, so that, when a ship steers 
through a tideway, it is necessary to find the estimated position 
at frequent intervals. It is convenient to plot the estimated 
position hourly and on every change of course. An example of 
plotting the estimated position for a ship steering through a 
tideway for five hours is shown on the chart, Fig. 33. 

At 55 a.m. the ship’s position was Lat. 50° 10’N., Long. 
4°10’ W., and from this position she shaped course S.W. 
(magnetic), at a speed of 7°8 knots. 

From 5" a.m. to 64 a.m. it is found from the tidal atlas that 
the tidal stream had probably set the ship N. by E. 1’... From 
the 55 a.m. position lay off a line 'A,S.45° W., 7°8 miles. The 
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D.R. position at 6" A.M. is at A. From A lay off a line AB, 

N. by’ E:, 1 mile, to “Allow for the tidal stream exper ienced' 
between 5" Aim. and 64 a.m. The estimated position of the ship 
at 64 a.m is at B. From B lay off BO,S. 45° W., 7°8 miles, and 
note that the direction and rate of the tidal stream between 
62 am. and 7" a.m. has been E.N.E., 14 knots. Lay this off as 
before, and obtain the estimated position at 7" a.m. Proceeding 
in a similar manner we find the estimated position at the end of 

every hour as shown on the chart. 


44, Track of a ship while turning. —When a ship 
alters course, she does not turn instantaneously about a point 
on to the new course, but describes a curve from the time when 
the helm is put over to the time when she is steadied on 
the new course, as shown in Fig. 34. AX is the original 


c 


A 
Fie 34. 


track of the ship, X is the point where the helm is put over, 
B the point where the ship arrives on her new course, having 
described the curve XDB in the interval. In order to lay off 
the new course of the ship, we must know the position of B 
relative to X—in other words, we must know the length of XB 
and the angle HXB. Now from the turning trials of the ship, 
which are carried out with various angles of helm, her track 
while turning with any particular angle of helm may be plotted ; 
and the angle HXB and the length XB, which correspond to 
any particular alteration of course, may be measured. 

Now as the direction of AX is known, the direction of XB 
may be found ; the direction and length of XB are called the 
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intermediate course and distance. If, therefore, the position 
where the helm is put over be known, it is possible by means of 
the intermediate course and distance, to lay down the point B 
from which to lay off the new course. 

Another method of laying off the new course 1s to lay it off 
from the point H, which is the intersection of the new and 
original tracks; the distance XE is called the “ distance to new 
course,” and is tabulated for every ship for alterations of course 
up to 12 points; for larger alterations, this method should not 
be used, because the distance XH becomes inconveniently great, 
being infinite for an alteration of course of 16 points. 

The track of a ship while turning is different for different 
angles of helm, and for a particular angle of helm, on a calm 
day and in smooth water, is approximately constant; wind 
and sea are liable to cause a ship to deviate considerably from 
her normal path. No rules can be laid down as to the effects of 
wind and sea on the path of a ship while turning, and they can 
only be allowed for after experience. 

In cases where the available mancuvring space 1s very 
restricted it is desirable, before entering such a harbour or 
channel, to plot the approximate track of the ship, while turning, 
on the chart, and this may be easily done by means of the 
advance and transfer. The advance is the distance the centre 
of gravity of the ship has advanced in the direction of her 

original course, measured from the point where the helm was - 
put over-—(the distance XI for the alteration of course shown 
in Fig. 34). The transfer is the distance the centre of gravity 
of the ship has been transferred in the direction at right angles 
to her original course—(/’B for the alteration of course shown). 
The transfer for an alteration of course of 16 points is called 
the tactical diameter of the ship for the particular angle of helm 
which has been used. The advance and transfer for various 
alterations of course and angles of helm should be tabulated 
for every ship. 

To plot the approximate track, with half the tactical 
. diameter as radius, describe a circle to touch the original track 
at J, Fig. 34, XJ being the advance for a 16 point turn. 
While a ship is turning through the first 16 points, her 
speed does not remain uniform, but becomes very much 
reduced ; consequently, when steadied on her new course, some 
little time will elapse before the original speed is regained, and 
therefore, unless a patent log, which indicates the distance run 
through the water, is available, the mean speed of the ship to 
the time when the next alteration of course takes place has to 
be estimated. The percentage of the loss of speed during any 
alteration of course, and the times taken to complete various 
alterations of course at different speeds should be tabulated for 
every ship. | 

45. Keeping the reckoning during manceuvres.— 
When at fleet manceuvres, the alterations of course are fre- 


57 Art. 45. 


quently so numerous, and the distance run on each course is 
so short, that the curves described by the ship while making 
the various turns form a large proportion of the traverse ; these 
curves must therefore receive more consideration than is usually 
necessary for the ordinary methods of keeping the reckoning. 

On account of the possibility that at any moment it may be 
necessary for a ship engaged in manoeuvres to shape a course 
for a particular position, it is essential that the reckoning should 
be kept in such a manner, that the position of the ship at any 
moment may be plotted on the chart with the least possible 
delay. The method of keeping the reckoning consists in 
considering that a ship starts from a known position A, Fig. 34, 
runs a course and distance AX, then turns about a point X and 
runs the intermediate course and distance YB, and again turns 
about the point B and runs the course and distance BC, &e. 

In order to obtain the distance run on each course, it 18 
convenient for an electric receiver from the patent log to be 
placed in the vicinity of the standard compass. If the reading 
of the patent log be taken at the point A, which is plotted on 
the chart, and again when the helm is put over for the altera- 
tion of course at Y, the distance run in the direction AX is 
known. ‘The intermediate distance YB isalso known, but while 
the ship is passing from X to B she travels on the curved path 
XDB, and the distance run, as indicated by the patent log, 
will be greater than the intermediate distance. It 1s impossible 
to tell the instant when the ship arrives at 5, and in order 
that the reading of the patent log may be noted at that instant, 
the length of the curved arc XDB is measured off from the 
plotted results of the turning trials, and is tabulated for various 
alterations of course. ‘This ‘length of the curved are is the dis- 
tance through the water that the ship actually steams between 
the points X and B, and, if added to the reading of the patent 
log at X gives the reading of the patent log at B. This length 
of the curved arc is called the ‘ ‘ Log correction’ ’ (Log Cor.). 

In ease of there being no patent log available, the distance 
run on each course must he calculated from the interval of 
time during which the ship was steering that course and from 
the estimated speed of the ship through the water. lor the 
same reason as we required the Log correction we now require 
a time correction, which, if added to the time shown by a watch 
when the helm was put over, will give the time of arrival at B. 
This time correction may be found from the known length of 
the arc and the mean speed of the ship on that are, and may be 
tabulated for various alterations of course and for various speeds. 

A time correction should not be used when the alteration of 
course is greater than 16 points, because the wind and sea have 
a considerable effect on the time occupied by the ship in turning 
through very large angles. In such a case the time when the 
ship is steady on the new course should be noted and assumed 
to be the time at P. 
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For alterations of course which are not greater than 30°, 
may be assumed without appreciable error that the te 
mediate course is coincident with the original course. There- 
fore, for such alterations of course, the distance run on the 
original course is the difference between the readings of the 
patent log at A and B. Similarly, if there is no patent log 
available, the distance run on the original course is that found 
by the method described above with the addition of the inter- 
mediate distance. 

If a gyro-compass, which indicates true directions, is used, 
the reckoning may be calculated as explained in § Al. If a 
magnetic compass is used, the following procedure is adopted. 
The distance on any magnetic course may be resolved into 
its components in, and at right angles to, the magnetic 
meridian. As the traverse table is simply the solution of 
a large number of right-angled plane triangles, it may be 
used for resolving the distance on any magnetic course in 
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these directions. For example, a distance of 2°84 miles on a 
magnetic course N. 35° W. may be resolved into its components 
2°33 miles in the direction North (Mag.). 
ears 7 F. i West (Mag. ) 
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which, as may be seen from § 30, are the numbers given in the 
columns of the traverse table headed Diff. Lat. and Dep, respec- 
tively. Im order to avoid the necessity for using a book, it is 
convenient to have a diagram, called a traverse diagram, as 
shown in Fig. 35, which may be pasted on a board. To use 
the diagram in the example given above, witha pair of dividers 
take off, from the right or top of the diagram, a distance equal 
to 2°84 miles on any convenient scale; with one leg of the 
dividers at the centre of the graduated arc 0 mark with the 
other leg a point G on the radiating line marked 35°. Measure 
the vertical distance GK, which will be found to be 2°33 miles, 
and mark it N. because the course is named North, and measure 
the horizontal distance GH, which will be found to be 1°63 
miles, and mark it W. because the course is named West. 


If the components of every distance in the North or 
South and East or West magnetic directions are tabulated 
in four columns headed N., 8., E., and W., the sum of each 
column will give the distance the ship has moved in that 
particular direction. If the difference of the totals of the 
columns marked N. and 8. be taken and marked with the name 
of the greater, the number of miles the ship has moved in the 
direction Magnetic North (or South) isknown. Similarly, if the 
difference between the totals of the columns marked EK. and W. 
be taken and marked with the name of the greater, the number 
of miles the ship has moved in the direction Magnetic East (or 
West) is known. The magnetic course and distance run in the 
whole interval may now be taken from the traverse diagram, by 
marking the point G on it such that GK is the difference 
between the columns marked N. and 8., and GH the difference 
between the columns marked E. and W. The graduation where 
OG cuts the are will be the magnetic course and will be named 
N. or 8. and E. or W., according to the quadrant in which the 
ship has moved. The length of OG gives the distance run. 


Whenever the course is altered, it is necessary to find the 
intermediate course to the position where the ship is steady 
on her new course; to do this it is necessary to apply the 
tabulated angle EXB, Vig. 34, to the last course. To save 
time, diagrams may be constructed which show readily the 
intermediate course without the necessity for calculation. 


In order to explain the construction of these diagrams it 
will be convenient to construct them for the ship, whose turning 
circle is shown in Fig. 36. 


In Fig. 36, let B, B,, B,, By, &c., be the positions of the ship 
when she has turned through 80°, 4 points, 6 points, 8 points, &c., 
respectively, from her original course XH, and let X be the - 
position where the helm was put over. The various measure- 
ments are made and the results are tabulated below. 
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The upper diagram of Fig. 37, called the compass diagram, 
represents a -compass card, and forms a scale for the con- 
struction and use of the lower diagrams. We will first construct 
the lower diagram marked “ Alteration less than 16 points.” 
Draw two parallel lines, MN and S7’, at any convenient distance 
apart, and at right angles to a base line WS. From the com- 
pass diagram, measure off the chord for 4 points with a pair 
of dividers, and lay off this distance MP on the left hand line. 
Along ST lay off SU the chord for 14° which is the value of 
the angle HXB, corresponding to an alteration of course of 
4 points ; join PU, Similarly, lay off MQ the chord for 6 points 
and SV the chord for 28° and join QV and so on. Isis off MS 
the chord for 30° and join JS. 

Tabulate the log correction, the intermediate distance ancl 
other data, as shown in the diagr am. 

The diagram for alterations greater than 16 points is con- 
structed in a similar manner. It will be seen that the chords 
for alterations of course of more than 16 points become succes- 
sively less, whilst at first the chords for the angle #XB become 
successively greater, so that the lines joining. pig 
points In some cases cross one another. 

To use the diagrams for finding the intermediate course and 
distance and log correction, corresponding to any alteration of 
course, let us take the following ha 


Hxample.—A ship is steering 8. 60° W. (Mag.) and the helm 
is put over for an alteration of course to starboard to N.W. 
The reading of the patent log when the helm was’ put over was 
noted to be 37° 2. 

[t is required to find the intermediate course (magnetic) wd 
distance and the log correction. 

Place the legs of the dividers on the graduations of the 
compass diagram corresponding to the old and new magnetic 
courses, then the distance spanned by the dividers is the chord 
for the alteration of course. On the diagram for alterations less 
than 16 points lay off this chord MR, and note that against the 
point of the dividers at R are tabulated Log Cor. °33 miles 
and Int. Dist. -29 miles. The eye being guided by the trans- 
verse lines, note that the corresponding point to # on the line 
ST is Z. Place one leg of the dividers at S and the other at Z, 
then the distance spanned by the dividers is the chord for the 
angle HXB corresponding to: the given alteration of course. 
Place one leg of the dividers on the graduation 8. 60° W. (the 
original course) on the compass diagram, and with the other 
sweep an arc to intersect the circumference of the compass 
diagram on the side to which the course was altered, in this 
case on the right as the alteration was to starboard, and note 
that the graduation at which it intersects is N. 86° W. which 
is the intermediate course required. . 

In the case of alterations greater than 16. fornia the trans- 
verse lines cross one another and it appears to be difficult to 
determine the point in the line S7’, but if care be taken to 


65 Art. 46. 


note between. which transverse lines the point RA is situated 
-and if these lines are followed.to the line ST’, the point may be 
easily determined. 

In the case of turns which are not greater than 30°, it is 
only necessary to note the intermediate distance tabulated 
against the point R, for, as explained above, in such a case, the 
intermediate course is practically the same as the original 
course. 


46. Examples of keeping the reckoning during 
manceuvres.—The method to be adopted depends on whether 
a patent log (or other distance recording instrument) is available, 
or the distances have to be calculated from the time and 
speed. It is preferable to use a patent log, because it is ex- 
tremely difficult to make allowance for the loss of speed 
occasioned by the helm being put over. 

A reliable assistant should always, when possible, be 
employed to keep the reckoning, in order that this very 
important matter may have the undivided attention of one 
individual. The reckoning should be as carefully kept when 
manoeuvring in sight of land as when in the open ocean. 
Only by constant practice in sight of land, where the results 
ean be checked by observation, is it possible to be certain that 
the reckoning is kept in such a methodical manner, that the 
resulting position of the ship is free from all errors, other 
than those due to wrong estimation of the effects of tidal 
streams, currents, &c. 

It should be understood that the various entries tabulated in 
the following examples would, in practice, be written down in 
the note book as each incident occurs. It is advisable to add 
up the four columns marked N., 8., E. and W. as each page 
of the note book is completed; and to transfer the totals to the 
head of the next page in order to simplify the addition when 
‘the position of the ship is required. 


 Heample.—Patent log available. 

The ship, for which the diagrams in Fig. 37 have been 
‘constructed, was steering North (Mag.), and at 9) a.m. her posi- 
‘tion was plotted on the chart and the reading of the patent log 
was noted to be 17°5. Subsequently, various alterations of 
course were made; the reading of the patent log and the time 
to the nearest minute were noted on each occasion of putting 
the helm over, and the letters & or L were noted in the margin 
of the note book against each entry, according as to whether the 
turn was made to right or left (to starboard or port). 

At 10 36™ a.m. the magnetic course and distance run since 
9> a.m. were required in order to plot the position of the ship 
on the chart. | 

In order to render the working of the example clear, the 
intermediate courses and distances, log corrections and readings 
of the patent log depending on them are printed in italics ; 
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the readings of the patent log, the difference between which 
is the distance run on each course, are bracketed together. 
The reckoning is kept as shown below. 


— | Time. |P.Log.} Course. |Distance. N. | S. | EK. | W. 
h. m. | 
9 001 17-5 N. 4-40 | 4-40 
R4 918 | 21:9 | N. 25° R. “25 ume 8 ‘11 
296 | 
29°16 | N. 60° B.| 1:58 79 1:37 
9 25 | 93-6 | 
14 
{| 23°74 3-76 | 3:76 
Ril 9.41|97:5 | 8. 39° |. -48 | 32 | -20 
ee | 
28-01 SW. 4.99 | 3°53 3:53 
L { 10 04 | 33-0 |S. 10°W.] +33 | 39 06 
- 38 | 
f 33°38 SB. | 1:82 | . | 1-29 | 1-29 
Bsel0 14 1035-2) \iseiso ay. S205 93 “25 
<0 
35°96 N. Add | 4 4d, 


{ 10 36 | 40°4 


9-86 | 5-691 6-73 | 3-84 
5-69 3-84 


| | 4-17 N. 2-89 B. 


From the traverse diagram, Fig..55, with the above results 
A’-17 N. and 2’°89 E. it is found that the course and distance 
run since 9" a.m. is N. 35° Ei. (Mag.)5°1 miles. This course and 
distance may now be drawn on the chart from the 9? A.M. position, 
and thus the position of the ship at 10° 33™ a.m. is found. 

The arrangement in which the entries should be written 
down, as shown in the above example, should be carefully 
studied, because only by following a regular procedure is it 
possible to be certain of avoiding mistakes. It will be seen 
that each course, whether a course actually steered or an 
intermediate course, is entered against the reading of the 
patent log when the ship commenced to steer that course, or 
was supposed to commence to steer that course, as the case 
may be; therefore, the distance run on each course steered is 
the difference between the readings of the patent log shown 
against that course and that shown against the next. 

Should there be any error in the patent log, which, as 
will be explained in Part IV., is always stated as a per- 
centage of the distance shown hy the log, it must be applied 
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to the resulting distance run in the whole interval as a per- 
centage of that distance. Jor example, suppose that in the 
case considered above the error of the patent log was “‘ under-~ 
logging 5 per cent.’ ‘Then the resulting course and distance 
would be : 


Deo Mac) (5° 1---- 100 * 


The following is the working of the same example when no 
patent log is available ; in this case the distance run on each 
course is calculated from the times and the estimated speed of 
the ship. 

The nominal speed of the ship was 15 knots; the mean 
speed while steering any course has to be estimated, not 
only from the known percentage of the speed which remains 
when the ship is steadied on that course, but also from the 
interval of time during which the ship was steering that 
course; the distance run on any course cannot, therefore, be 
filled in until after the next alteration. It is convenient to 
note the estimated speed in brackets underneath each course as 
shown below. ‘The time at which the helm was put over 
should be noted to the nearest tenth of a minute. 


5) 1) = N. 35° E. (Mag.) 5°4 miles. 


—j/; Time. |P. Log.| Course. |Distance, N. S. EK. W. 
ie] mm: 
9 00 N. 4°40 | 4°40 
) } (15) 
R PA1T°6 Neo. Jes 25 23 me 
ted p20mee 41079) 
whe? N. 60° BE. | 1-44 79 1-37 
(13°25) 14 
R ee _ | 
es} erie (15) T258 
oo. 7 E. 3°76 | 3°76 
a 9 40-7 | 8. 32° 38 | +32] +20 
ey (12) 
9 43:2 | S.W. 4-99 Broo uy 3a 
| | (14:5) 
L 10 03: S. 10° W. io 13 °06 
1:7| -38 (13-5) 
fa OD 5 S.E. 1:82 Le2o eA 29 
} (13°5) 
R 10 13°6 S. 48°W 34 23 25 
10 17-6 | N. 44d | 4 dd 
; (14°5) ee ee 
10 36 9°8671-5°69 1) 6°73 13-84 
5°69 3°84. 
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~ In order to render the working of the example clear, the’ 

intermediate courses and distances, log and calculated time 
corrections and times depending on the latter are printed in 
italies; the two entries in the time column, the difference 
between which gives the interval durmg which the ship was 
steering each course, are joimed by brackets. 

As before, the total course and distance run between 9" a.M. 
and 10' 36™ a.m. is found to be N. 35°-E. (Mag.) 5°1 miles. 

If it is expected that a tidal stream or current exists, the 
magnetic direction and the distance, which it is supposed that 
the tidal stream or current will have moved the ship in the 
whole interval, may be tabulated and dealt with as another 
course and distance; the final position obtained will be the 
estimated position. . 

However much care may have been taken in keeping and 
working the reckoning, 1t must be: borne in mind that the. 
greatest caution must be exercised when it is necessary to make 
a landfall, or to shape a course to avoid a danger, from an’ 
estimated position so obtained. Even under the most favour- 
able conditions, when the ship has been steaming ona steady 
course, and at a constant speed, it is sometimes found that the 
estimated position 1s many miles in error. Therefore, when 
there have been many alterations of course or speed, it is 
obvious that too much reliance should not be placed on the 
estimated position. 
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CHAPTER’ VII. 


POSITION LINE BY OBSERVATION OF TE RRESTRIAL 
OBJECTS. 


47. Unreliability of the estimated position. Posi- 
tion line.—The estimated position of the ship, which has been 
diseussed in the previous chapter, is so called because it is not 
necessarily the actual position, and for the following reasons. 
In the first place, the data for finding the dead reckoning 
position, namely compass course, variation, deviation, and 
distance run through the water, may all be more or less in error. 
However carefully the ship may have been steered, and however 
much care may have been taken in ascertaining the error of the 
compass and estimating the distance run through the water, 
yet these can only be obtained approximately; although the 
errors considered separately may be insignificant, they may 
so combine as: to produce considerable error in the dead 
reckoning position derived from them. 

In the second place, the estimated position depends, not only 
on the dead reckoning, but also on the degree of accuracy with 
which the tidal streams, currents, and the effects of wind and 
sea have been estimated. 

As the tidal streams vary considerably both in strength and 
durection, and as in some parts of the world there are currents 
whose drifts vary between 10 and 50 miles per day, it is obvious 
that little reliance can be placed on an estimated position, even 
when the utmost care has been taken in making-an estimate of 
the factors involved. 

From this unreliability of the estimated position, we see the 
necessity for obtaining the position of the ship by other means, 
and this is done by reference to some object or objects whose 
position is accurately known. ‘This reference must take the form 
of a measurement which can only be made, either by observing 
some angle, or by obtaining the distance of the ship from an 
object. 

An observation of an angle or distance gives certain’ data 
from which we obtain a line (which may be drawn on the chart) 
soméwhere on which the ship must lie to satisfy the data of the 
observation. This line is called a position line. 

If two observations are taken; two position lines are obiathed 
and if these lines are drawn on | the chart, the poimt where they 
intersect is the position of the ship. 

There aré various observations which may be taleen with 
different navigational instruments to obtain the data to enable 
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us to draw a position line on the chart, each of which will now 
be dealt with separately. 


48. Position line by compass bearing.—lIf thie 
bearing of an object is taken with the compass, and the com- 
pass error is applied, the true bearing of the object from the 
observer is obtained. Now there are an infinite number of posi- 
tions from which the true bearing of the object is the true bearing 
thus obtained, and if all these points were joined, it would be 
found that they all lie on a curve. 

In Fig. 38, let the true bearing of the object A be N. 60° W. 


p 


Hier 8s 


Let ABCD .... be the position line resulting from this 
observation : then, if the observer were at D, and DA were the arc 
of the great circle joining him to the object A, the angle PDA 
would be 60°; similarly, the angle PCA would be 60°, and so 
on for all points on the curve. If a point be selected close 
to A, it will be seen that the arc of the great circle joining 
the observer and the object 1s coincident with the curve, and 
therefore the position line makes an angle of 60° with the 
meridian of the object observed. For this reason, and owing to 
the very large radius of curvature of this curve (when repre- 
sented on the Mercator’s chart), which can never, at the object 
observed, be less than the radius of the earth, it is sufficiently 
accurate in practice to lay off the line ABCD... . on the 
chart as a straight line making an angle with the meridian 
equal to the true bearing; therefore the position line is drawn 
on a Mercator’s chart as if it were a rhumb line, and is generally 
called a line of bearing. ; 

The error in a position obtained by this approximation 
under the worst conditions is 1 mile when the distance is 62 
miles and the latitude is 60°, and the error is less in lower 
latitudes, being less than *4 mile for the same distance in 
latitude 30°. 


69 Arts. 49, 50. 


In practice it 1s convenient to draw the line of bearing on 
the chart by means of the magnetic bearing of the object 
observed, the method being similar to that employed when 
laying off a magnetic course (§ 40). 

As a large number of charts are now published on the 
gnomonic projection, it may be remarked that lines of bearing 
may be sufficiently correctly laid off on these charts by laying 
them off as straight lines, using the compass rose nearest to the 
estimated position of the ship. As these charts do not embrace 
a very large area, the errors involved are not great. 

When correcting an observed compass bearing, that deviation 
should be used which corresponds to the direction of the ship’s 
head at the time the bearing was taken, and it should be 
remembered that allowance should be made, when necessary, 
for the amount by which the variation as shown on _ the 
compass rose, is in error. 


49. Position line by horizontal sextant angle.— 
If an angle is observed which is subtended by two objects A and 
X, the observer must lie some- 
where on the circumference 
of a circle which contains this 
angle. 

In Fig. 39, if the angle 
observed between the two 
objects A and X is 30°, the 
observer must lie somewhere 
on the segment of a circle at 
every point of which the line 
AX subtends an angle of 30°. 

The segment of the circle 
AOBX is, therefore, the posi- 
tion line obtained from this ee 
observation. Fic. 39. 

This position line may be 
represented on the Mercator’s chart as a circle without appreci-_ 
able error. 


50. Position line by distance from an object.— 
If the distance of an object can be obtained, the ship must be 
situated on the circumference of a circle described with the 
object as centre and with the distance as radius. This circle 
is, therefore, the position line. 

The distance from an object may be found in the following 
ways :— 

(a) By rangefinder. 

If the object is well defined, the rangefinder, provided 
it is in good adjustment, is by far the quickest 
and most accurate method of obtaining the distance, 
within the limits of the instrument. 

u 17415 F 
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(b) By sextant. 
When the height of the object is known, the distance 
ean be found by aid of the sextant. ‘The sextant 
is an instrument for measuring angles and is 
described in Part LV.; angles measured with it 
have to be corrected for an instrumental error, 
called index error, which is denoted by LE. 
Before explaining the method of finding the 
distance of an object by sextant angle, we have 
to explain what is meant by terrestrial refraction, 
altitude. and depression, sea and shore horizons, 
dip of the sea horizon and dip of the shore horizon. 


51. Terrestrial refraction.—Since the density of the 
atmosphere diminishes as its distance from the surface of 
the earth increases, a ray of light, passing from one point to 
another, does not travel ina straight line, but in a curve, which 
les in a_ vertical plane 
containing the points, and 
is concave to the earth’s 
centre; thus, in Fig. 40, an 
observer O sees the point X 
in the direction OT’, because 
the ray of light from X 
travels along the curve XYO, 
and OT is the tangent to 
the curve at O. This apparent 
change in the direction of 
the terrestrial point X — 
namely the angle TOX——is 
called the terrestrial refrac- 
tion of the ray XYO. 

If the tangent at X to 
the ray of light intersects the 
tangent at O in 7’, the angles Fie, 40. 

TOX and TXO are found to | 

be approximately equal, and from a large number of experi- 
ments it has been found that the mean value of either of these 
angles 1s about 7th of OCX. 


Therefore, terrestrial refraction = Hee approximately. 
Now the angle OCX, expressed in minutes of arc, is the 
number of nautical miles between A and B. 


distance ilies 1 
ES RE approximately. 


52. Abnormal refraction.—The refraction is said to 
be abnormal when it differs from the value as found by dividing 
the distance by 13. 


Refraction is likely to be Shania when the temperatures 
of the water and air differ considerably, where currents of 


Therefore, terrestrial refraction = 
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different temperatures meet, and where the sun is shining on 
large expanses of sandbanks or coral reefs. It is found to 
exist at times in a marked degree in the Red Sea, in the Persian 
Gulf, in the vicinity of the Gulf. Stream, on the West Coast of 
Africa and in the Mediterranean. 


53. Altitude of a terrestrial object.—When a point 
is above the horizontal plane through the observer’s eye, its 
apparent altitude is 
the vertical angle be- 
tween the apparent 
direction of the point 
and the horizontal 
plane passing through 
the observer’s eye. 

In Fig. 41, let X be 
the point, OX the ray 
of light from X to the 
observer's eye, and 
OT the tangent to the 
ray at O; then the 
apparent direction of 
the object is along the 
line OT, and the angle 
TOH is the apparent 
altitude of X. 

Now the angle TOX 
is the refraction for the : 
ray OX, and the angle Hier 4f. 

XOH, which is the ap- 
parent altitude diminished by the refraction, is called the true 
altitude of the terrestrial point X. 


54. Depression of a terrestrial object.—When the 
point is below the horizontal plane passing through the 
observer’s eye, as S in Fig. 41, the apparent depression of 
the point is the angle HOK, and the true depression is HOS. 


55. The observer’s sea and shore horizons. — The 
observer’s. sea horizon is the small circle of the earth where the 
sea and sky appear to meet. 

The observer’s shore horizon is the irregular line in which 
the sea and land intersect. 

On board ship there is nothing to define the horizontal 
plane through the observer’s eye, and it is impossible to directly 
measure an altitude or depression; consequently, the altitude 
has to be measured to the observer's sea-or shore horizon, and 
this measurement is called the observed altitude. Therefore, if 
we know the apparent depression of the sea or shore horizon 
which is called the dip, the apparent altitude of a point is equal 
to its observed altitude diminished by the dip of the sea or shore 
horizon. Thus in Fig. 41, OK is the apparent direction of 

F2 
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the sea horizon S, HOK is the dip, OT is the apparent direc- 
tion of the point X, TOK is the observed altitude, TOH is 
the apparent altitude, and XOH is the true altitude of the 
point X. 


56. Formula for the dip of the sea horizon.— 
In Fig. 42, let O be the observer's eye at a height h feet 
above sea-level, SO the curved 
ray by which the sea horizon is 
seen at 5, 0) and 7S -the 
tangents to the ray at O and S. 

Let OH be the horizontal 
line passing through the ob- 
servel’s eye and in the same 
vertical plane as S. 

he vanelerl SOs—s7 OSs 
the terrestrial refraction for the 
Taye Oo Ir eay: 

As the curved ray touches 
the earth at S, the tangent 7'S 
also touches it at S; therefore 
O50 190? =. 

Now : 

COS = 180° — OCS — OSC. Fic. 42. 
= 180° — OCS — 90° 4+ . 
Therefore, denoting the angle OCS by C 
COS = 90° +r — C, 
Again, HOT = 90° — COS — SOT 
= 90° — (90° + 7-C)-—r 


? 


=o. — 27. 
Now HOT is the dip, and as r =o we have 
cae Le) 
Dip 13 CU, 


so that, in order to find the dip we must find C. 
In the triangle OCS , 
SimeCUSe eS. = 
ain CSO FCO.” Rar 
where Fi is the earth’s radius in feet. 
Now 
sin COS = sin (90°-+r—C) = cos (C = 7}, 
and sin OSC = sin (90° — +) = cos 7. 
» cos (Cl=en iia 
“" eos Rae 


.“.cos C + sin C tan r 


Get 

ete ars 

Since C and r are small angles, we may put the trigonometrical 
ratios in terms of their circular measures, and we have 


(iene ) 
1 a eae 
9d: Cree areas 
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Substituting for 7, we have 
NUNC a 


DG gees Poeety: 
Neglecting h in the denominator on the right, 


Ch a Ale nearly. 


NL 
Therefore, if C is expressed in minutes of are, 
26h 3 26h = 
Coe Fig eit ee ! ee ein 
cosec 1 inp = cosee 1 ei = 96890550 Pay h 


Therefore dip = a a a ete ae 


The dip of the sea horizon, calculated from the formula above, 
is tabulated for various heights of eye in Inman’s tables. 

It will be seen that the accuracy of the tabulated dip 
depends on the refraction being 73th of the distance, which 
is its mean value; so that, where there is abnormal refraction, 
the actual dip differs from that tabulated—in other words, 
the apparent altitude of a point is in error by the amount 
that the apparent position of the sea horizon is in error. <A 
table, which may be taken as a guide as to what error tc expect 
in calm weather with different temperatures of sea and air, is 
given on page x of Inman’s tables, but it should be remembered 
that the refraction may not be the same in all directions, and, 
consequently, too much confidence must not be placed in the 
table. | 

It will be observed that the table gives maximum values 
for the correction for a height of eye of 60 feet; therefore, 
when abnormal refraction is known or suspected to exist, 
which may often be detected by an apparent unsteadiness 
of the sea horizon, it would appear that altitudes should be 
observed from a position the height of which should differ 
considerably from 60 feet. 


57. Distance of the sea horizon.-—In the preceding 
investigation it was found that the angle C expressed in minutes of 
areisgiven by C= 1°15,/h; % 
therefore the distance of the 5 
sea horizon for an observer A 
whose eye is hh feet above sea 
level is 1°15 ./h/ nautical 
miles. 

The distances of the sea 
horizon are tabulated for 
various heights of eye in 
Inman’s tables. 


When a powerful lght, . 
L, Fig. 48, of a lighthouse 
first becomes visible to an ade 
observer O over the horizon 

on a clear night, a close Via. 45. 
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approximation to its distance may be made by making use 
of the table for the distance of the sea horizon, for the point 
S is the common sea horizon of 0 and L, and therefore the 
distance of the observer from the hghthouse is the sum of the 
distances of the sea horizon from O and from L. 

The height of a light given on the chart is that above 
high water of spring tides, and as the height of the hight used 
must be its actual height above the water at the time of 
observation, an allowance for the state of the tide should be made 
when necessary. Jor example, suppose an observer, whose height 
of eye is 50 feet, sees the Bass Rock Light (150 feet above 
high water) just showing over his sea horizon, the height of 
the tide at the time being 6 feet below the level of high water 
of spring tides. The height of the hght above the sea-level 
is 156 feet. 

From the table for the distance of the sea horizon in Inman’s 
tables, 156 feet gives BS as 14°3 miles, and 50 feet gives AS 
as 8°'1 miles; therefore the distance AB is 22°4 miles, from 
which it may be concluded ‘a 
that the distance of the light- 4 é 
house is about 22 miles. s A 

58. Formula for the | | 
dip of the shore horizon.— 

In Fig. 44 let S be a point of R 
the shore horizon, and O the 


R 

observer's .eye at a height of | \ 
h feet above sea-level. C 

Let OT be a tangent to 
the curved ray OS, then if OH 
is horizontal, the ‘angle AOD 
is the dip of the shore horizon. , 
Denote HOT by @ and the 


refraction TOS by +. 


In the triangle OSC, _ Fra, 44, 
sim GaQ sale heh 
sineGOS . : kh 
where FR is the earth’s radius in feet. 
Now 


OSO = 180° — C — (90° —-r — 8 = 90° +746 -C. 
= COBAT HOt Oe aa 
COBALT = 50) ontieee Lis c 


*. cos C + sin C tan (r+ 0) = eL 


sin C tan (r + @) = +2 sin’ — 
“. tan (r+ 6) = aelt —yttang, 


Therefore, since 7, 6 and C are all small angles 


y/ 
CoG path ma tend Mee ae + Ssin Yes 
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Let d be the distance in nautical miles between A and S, then 
CO! 
RC = 6080d.; Also r = 73° 
2) 
h CASE 
6080 d sin.I’ * 2 ~ 73° 
Now the number of minutes in C is the same as the number 
of nautical miles in d. 


‘, Dip of shore horizon in es of ae 


mana git Cee sad 


Therefore f= 


Oe, fe 
ee eat apavst set. 1423. di; 
where h is in feet and d is in nautical miles. 


The dip of the shore horizon is tabulated in Inman’s tables 
for various distances and heights of eye. 


59. Distance by vertical sextant angle.— 

Case 1—When the point observed is vertically over the 
shore horizon. 

In Fig. 45, let BC be a vertical cliff of height H feet above 
the sea-level (. Let 0 be the observer's seye ata height h feet 
above the sea-level A. Let 
the.angle subtended by BC 
at the observer's eye be a. 
Let a circle described about 
the triangle OBC cut AC in 
D and AO produced in HL. 

The horizontal distance of 


the observer from the foot 
of the cliff is AC. 


Now 
AC = DC + AD 
z AO. AE 
= H»cot thalare tnd ee ) 
by h (H —h), 
=F cot ashe writs s 


Now if AC is greater than H, that is, if the distance of the ship 
from the shore horizon is greater than the height of the cliff, 
the second term. is less than hk. Therefore, if we assume that 
the distance is H cot a, the error will be less than h provided 
that AC is greater than H. 

In this and the following case, refraction and the curvature 
of the earth have been neglected; no appreciable error is 
eaused thereby, because the distances involved are necessarily 
very small. 


Case 2.—When the point observed is not vertically over the 
shore horizon. 
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In Fig. 46, let / be the shore horizon, and BOF the observed 
angle a. Let a circle described about the triangle OF'B cut 
AC in D, AO produced in H, and CB produced in G. 


Then 


AO.AEH CG+(H—h) 
eons eeneies , 1) ee 
AC=DC+AD=H cota + AF =Hecota-h AF 
Now ae “C. 
CG = == Ta 
Therefore 
; H —h DC.FC 
Sener ee 
H—-h je AF—AD+FC 
” H—h AD “He 
ee 8) 4 pBC(, AB 4 HO) 


Nowif AF > H,and H > FC, then AF’ > FC, and the second 


term on the right is less than h, while the third term is less 
than 2h. 


Therefore, if we take the distance as H cot a, the error will be 
less than 3h provided Al’ > H > FC; that is, if the distance of 
the shore horizon is 
greater than the height 
of the point observed, 
and the height of 
the point observed is 
greater than its hori- 
zontal distance from 
the shore horizon. 

It will be seen that 
the error due to taking 
the distance as H cota 
places the ship nearer 
the object observed 
than is really the case. 

When the observed Fie, 46. 
angle is less than 3° 
the following modification of the formula Distance = H cot a 
may sometimes be found useful :— 


aah 

‘sin 1” 
Therefore if H is expressed in feet, the ane is given in 
nautical miles by 


; rf 
Distance = H cota = L nearly = 
sin a 


eh mle! 
a’ 6080. sin) 1’ aeons 
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Therefore the distance in nautical miles — . Height in feet PAO | 
: Observed angle in seconds 


Case 3.—-When the base of the object observed is below the 
observer's sea horizon. 


In Fig. 47 let B 
be the summit of 
a mountain, whose 
height DB is H feet 
above sea-level. 


Let the observed 
altitude of B, as 
measured from the 
sea horizon, when 
diminished by the 
dip, be a. Then a 
is the apparent alti- 
tude of B (TOK in 
Fig.). 

Suppose 7 to be 
the refraction for the 
ray OB, then the true 
altitude of B, viz., 
the angle BOK, is jvc 2 ye 
at, 


In the triangle OBC, the angle COB = 90° +a — 7, and the 
angle CBO = 180° —-C — (90° +a—r) = 90° -C—a+r. 


Now 
sin CBO _R-+h 
sin COB R+4H’ 


where 7? is the radius of the earth in feet. 
Cosi Cena Ge a gaelic e 
' cos (a — 7) limaedal 


oe acre 
me pert 


Therefore cos (C + a — 1) cos (a — 7). 


Therefore if we can calculate the angle C from this formula 
and reduce it to minutes of arc, the number of minutes will be 
the number of nautical miles in the arc AD. It will, however, 
be seen that in the formula there are two unknowns, C and 7, 
but.as 7 is only ’3th of C, we may first find an approximate value 
of C by neglecting r altogether, and so find an approximate dis- 
tance. With this approximate distance we may find the refraction 
rv, and, by repeating the operation, a better value for the distance. 
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Now as the formula involves the radius of the earth 
expressed in feet, which is a very large number compared 
with H and h, it is necessary in making the calculation to 
obtain the logarithms of R+ H and R+h very accurately. 
To avoid the necessity for so doing we shall put the formula 
in a form which does not involve the radius of the earth. 


Taking logarithms (to the base 10) of each side of the 
equation, we have 


r+ if 
log cos (C + a — r) = log cos (a — r) + log ——~#y 
RE ihe: 
R 
log, (1 H #) — legs (1 + n) 
= log dos ta — 1). Ne ane a fis 
= log cos (a — 1) ee nearly 


~ Rog, 10 


teh, Wi 
PES ee Al 
then 
log x = log (H — h) — log (F log, 10) 


= log (HI — h) — log (20890550 x 2°30285) 
= log (H — h) — 7° 682215 
Therefore we have 
log cos (G.-+ a. 7) = Jog cos (a 1) ee \ 
where log « = log (H — h) — 7° 682215 
Hxample:—The observed altitude of a mountain peak, 
10,000 feet high, was 1° 01’ 30’, the height of the observer's 


eye being 50 feet and the index error of the sextant 
(1.E.) — 1’ 30’’; required the distance. - 


Observed altitude - - > = = al? Bias 

oa - - - - : — 1 30 
1.30088 

Dip for 50 ft. from Inman’s Tables — 70 


Apparent alt. (a) - Si woe eee 


In this example, H — h = 9950 feet. 
log 9950 =,3+997823 
7°682215 


4°315608 = log 000207 
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log cos 53’ = 1°999948 
ees i QOU2L0T 


log cos (C + 53’) = 1:999741 = log cos 1° 58’°75. 
Reis = t 90'°75 = 118’°75. . Therefore C = 65'°75. 


With this approximate distance we find, by dividing by 13, 
that the refraction is 5’, and consequently the true altitude 
(a — 7) is 48’. 
| = 1°999958 
= ALU UAU 


1°999751 = log cos 1° 56’°5. 


log cos 48’ 
ae 


log cos (C + 48’) 


| 


Therefore C + 48’ = 1° 56’°5 = 116'°5. 
Therefore C = 68'°5, which is the distance required. 


If we can estimate the distance of the object observed, either 
from the reckoning and the chart, or by eye, the refraction 
obtained from this estimated distance will probably be sufl- 
ciently accurate to enable the actual distance to be found 
directly from the formula. 


Case 4.—When the sea or shore horizon can be seen beyond 
the object; and the height of the observer’s eye is considerable, 
the distance from the object may be found from the observed 
angle of depression of the water line of the object. Here, as 
in cases 1 and 2, the distance is necessarily so small that 
refraction and the curvature of the earth may be neglected. 

In Fig. 48, let O be the observer’s eye at a height h feet 
above the sea-level A, and let OS be the apparent direction 
of the sea or shore horizon. 


Ho rizon Lal 


Sea Leve/. 
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Let SOB be the cbhserved angle a between the sea or shore 
horizon and the water line B of the object. 

From the Figure it is clear that the angle ABO = BOH 
=a-+dip. Therefore AB = AO cot (a + dip). 

Therefore, distance = h cot (a + dip). 
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60. Lecky’s Off-Shore Distance Tables.—These tables 
give in tabular form the solutions of the trigonometrical equa- 
tions found in the three cases above. 

In Part I. are given solutions of the formula 


distance = H cota 


for distances up to 5 miles at every ;oth of a mile for heights 
varying from 50 to 1,100 feet and the corresponding observed 
angles. 


In Part IT. are given the solutions of the formula 


lien . 

R+H °° (a — 1 

for distances varying from 5 miles to 110 miles, and for heights 
varying from 200 to 18,000 feet and the corresponding observed 
angles, h being taken as 0. 

The finding of distances by means of a vertical sextant 
angle is, therefore, much simplified by the use of these tables, 
and as the heights of most prominent peaks, lighthouses, &c. 
are given on the charts, the method of finding a position line 
by vertical sextant angle is of very considerable value in 
navigation. It should be remembered that the heights given 
on the chart are given above high water of spring tides, and so, 
when necessary, allowance should be made for the height of the 
tide at the time of observation. The tables show readily when 
a small error in the height of the object observed produces 
appreciable error in the distance. 

It should also be remembered, when taking altitudes of 
lighthouses, that the height of a hght given on the chart or 
elsewhere, is the height of the centre of the lantern and not of 
the summit of the lighthouse. 

When using Lecky’s tables for case 1 the error will not 
exceed the height of the observer’s eye if the distance from the 
shore horizon is greater than the height of the point observed. 

When using the tables for case 2 the error will not be 
appreciable— 


(1) if the distance from the shore horizon is greater than 
the horizontal distance of the shore horizon from the 
point observed ; 

(2) if the latter distance i is less than the height of the point 
observed ; 

(3) if the observed angle is less than 45°. 


Now, from the above, it will be seen that the error in each 
case depends on the height of the observer's eye ; therefore in 
eases where the conditions stated above are not fulfilled and 
it is still desired to take the observation, it is advisable that 
the height of eye should be as small as possible. 


cos(C+a—r) = 


7. -_" ss. 


i 
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POSITION BY OBSERVATION OF TERRESTRIAL 
OBJECTS, 


61. To fix the position of a ship.—Having shown how 
a position line may be drawn on the chart, we now have to 
show how the position of the ship may be found by drawing 
two or more position lines on the chart. ‘Two or more position 
lines obtained at the same time give the most satisfactory 
position, provided that their angles of intersection are not small, 
and the pgsition so found is called a “‘ fix.” 


Whenever the position of the ship is fixed, a small circle 
should be drawn round the position on the chart and the time 
written against it. When drawing position lines on the chart, 
unnecessarily long or heavy lines should not be drawn, because 
they have to be eventually rubbed out and a considerable amount. 
of rubbing out defaces the chart. 


62. Position by cross bearings.—When a ship’s 
position is fixed by the intersection of two or more lines of 
bearing, the position is said to be fixed by cross bearings. 

Two objects should be selected, the bearings of which give 
as near a right-angled cut as possible. The bearing of a third 
object should be taken when possible, not only because it is a 
check on the observations, but because it ensures us against the 
possibility of laying off a position line from the wrong point. 


Objects abeam and before the beam should be used in 
preference to objects abaft the beam which the ship has already 
passed. 

Objects should be selected that are near to the ship, in 
preference to those far away, because any error in the bearing 
of a near object has less effect on the position than the same 
error in the bearing of a distant object ; and moreover, as charts 
are slightly distorted in printing, long lines of bearing are never 
so accurate as short ones. 

When taking cross bearings the names of the objects should 
first be written in the note-book, after which the bearings 
should be observed as quickly as possible with due regard to 
accuracy—the object whose bearing is changing most rapidly 
being observed last. The bearings should be written against. 
the names of the objects in the note book; the time of the fix, 
which should be that at which the last bearing was observed, 
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should also be noted. Should the objects be changing their 
bearings quickly, it is impossible to get a satisfactory cut if 
some time elapses between taking the bearings of the different 
objects. 


Beacon 


Rll SEE ly SA A et yu ay % Church 


Fig. 49, 


When, owing to small errors of observation or to the points 
observed being incorrectly placed on the chart, the three lines 
of bearing do not intersect at a point, the small triangle formed 
is called a cocked hat, and in this case the central point of 
the cocked hat should be taken as the position of the ship, as 
shown in Fig. 49. 

When it is known that the cocked hat is due to an incorrect 
deviation having been used, or, in other words, to all three lines of 
bearing having the same error, it 1s possible to give a geometrical 
construction for finding the position of the ship, but it is better 
to obtain the two horizontal angles subtended by the objects 
by means of the differences of their bearings and to plot the 
position of oe ship with the aid of the station-pointer as 
explained in § 69. 


63. Position by bearing and horizontal sextant 
angle.—It may happen that only one conspicuous object can 
be observed from the standard compass. In this case a fix can 
often be obtained by taking a bearing of that object, and at 
the same time observing the sextant angle between it and 
some other object from a position near the standard compass. 

Thus in Fig. 50, if a bearing is taken of B and the horizontal 
sextant angle a subtended by BC is measured, then the observer 
is at the intersection of the line of bearing AB and the segment 
of the circle BAC which contains the angle a. In practice it 
is not usual to draw the segment of the circle, because the 
intersection of the position lines can be more rapidly found as 
follows. 
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If the horizontal sextant angle a is applied to the observed 
bearing of B, the bearing of C is obtained and the position may 
be plotted by cross bearings. 

In Tig. 50, the Hill bore N. 30° E. and the angle to the 
Church is 45°. As the Church is to the right of the Hill, the 
bearing of the former must have been N. 75° E. 


Fra. 50, 


The position of the ship is therefore at A, which is the 
point of intersection of the lines of bearing. 

When selecting the object C itis advisable that the observed 
angle should be as nearly 90° as possible, and in no case less 
than 25°; when possible a second angle or bearing should be 
obtained as a check, because any error in either the bearing or 
the angle would not otherwise be apparent. 

When two objects are seen to be in line with one another 
they are said to be in transit, generally denoted by @, so that 
when an observer sees two objects in transit, and these objects 
are marked on the chart, his position line is the straight line 
which passes through the two objects. 

When cruising in narrow waters or near land, care should 
always be taken to note the transits of any conspicuous objects, 
since a transit by itself gives a position line. At the moment 
of the transit coming on, if the bearing of, or an angle to, some 
other object situated so as to give as neara right-angled cut 
as possible, be taken, a good fix is obtained, provided that the 
distance apart of the objects in transit is sufficient to render the 
transit a sensitive one, as explained in Part II. 

As before, check angles or bearings should be taken when 
possible. 
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64. Position by bearing and distance.—When only 
one object is in sight, if we can obtain its distance, either by 
rangefinder or by vertical sextant angle, as explained in $§ 50 
and 59, and at the same time take its bearing, the position 
of the ship must be at the intersection of the line of bearing 
and the circle described with the object as centre and the 
distance as radius. This is an exceedingly useful method of 
fixing the position of the ship quickly. 


65. Position by horizontal sextant angles.—The 
method of fixing the ship’s position by the intersection of two 
or more position lines, obtained by observing the horizontal 
sextant angles subtended by three or more objects, 1s extremely 
useful in navigation when great accuracy is essential or when no 
compass is available, as the observations can be taken from any 
position in the ship. 

The position is more exact than the position found by bear- 
ings, because the angles can be measured with a sextant with 
greater precision than the compass will permit. This method 
is especially valuable when the objects available are at a 
considerable distance froin the observer, when the drawing of 
Jong lines of bearing introduces error which is difficult to 
avoid. Another advantage is that the observer is not tied to 
any one spot, and can therefore place himself in the most 
advantageous position to see the objects clear of masts or 
other obstacles which ordinarily obscure so many points. 
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In Fig. 51, let A, B, C be three objects, and let the horizontal 
sextant angles subtended by 4B and BC be a and 6 respectively ; 
then the observer is at the point D which is the intersection of 
the three position lines corresponding to the angles a, 6, and 
(a+); the segment of the circle corresponding to the angle 
(a+ 8) is not shown in the figure. 
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The drawing of the circles is a matter which occupies some 
time, and requires great care when accuracy is desired ; but 
tracing paper on which the angles may be plotted, or 
preferably the station-pointer, affords the means of ascertaining 
the position readily, quickly, and accurately, provided that the 
angles of intersection of the circles are not less than 60°. 


The station-pointer, which is described in Part IV., consists 
of three legs, two of which are movable, radial to a common 
centre, with an arrangement for setting them at the required 
angles from the central fixed leg. The right leg being set for 
the angle measured between CU and B and the left leg to that 
between B and A, the instrument should be placed on the chart 
with the chamfered edge of the central leg directed to B, and 
the instrument moved until the chamfered edge of the right 
leg falls on C and that of the left on A. The centre of the 
instrument will then be on the position where the two circles, if 
drawn, would intersect, because from no other position would all 
the legs, when set at the proper angles, coincide with the objects. 
A dot made with a sharp pencil at the centre of the instrument 
marks the position of the ship. 


It is important to so select the objects that the circle passing 
through them does not pass through or near the position of the 
ship. Should the circle pass through the position of the ship, 
it will be seen from Fig. 52 that, since angles in the same 
segment of a circle are equal to one another, the ship might be 
situated at X or Y or at any point on the segment of the circle, 
for at every point on this segment the angles between Rock and 
Tower and between Tower and Lighthouse are the observed 
angles a and £ respectively. 
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By attending to the following rules this may be avoided. 


(1) The middle object may be.on the ship's side of the line 
joining the other two, as shown in Fg. 53. 


If the central object is very close to the ship, the 
methodshould not beemployed unless the wholeangle 
between the right and left objects can be observed, 
and then either the right or left angle, because 
the angles adjoining the central objectarechanging | 
very quickly as compared with the whole angle. 
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(2) The three objects may be in or near a straight line as 
shown in Fig. 54. 


In this case the angles observed should not be 
too acute—that is, neither of the angles should be 
less than 30°. | 
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(8) The ship may be inside the triangle formed by the 
three objects, as shown wn F rg. 55. 


Lighthouse \ 
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In all doubtful cases, either a bearing should be taken of 
one of the objects, or a check angle should be taken to a fourth 
object. 

When a check angle is taken, it should always be taken 
from the central object to a fourth object, and if a second check 
angle is taken, it should be taken from the central object also. 
This facilitates plotting, because, after having placed the legs of 
the station-pointer on the three original objects, the centre of 
the instrument and the fixed leg can be held steady, and one 
or both of the movable legs can be moved to show the check 
angle or angles. 

When writing down a station-pointer fix, the names of the 
objects should be written from left to right, as they were situated 
when observed, and the check angle written below. 

For example :— 
Lighthouse 10°15’ Beacon 85° Church 
‘ 50° Flagstaff. 
which indicates :— 
Left-hand angle between beacon and lighthouse 10° 15’ 
Right-hand angle between beacon and church - 85° 00’ 
Check angle between beacon and flagstaff (to 
right of beacon) - - - - 50° 00’ 

When plotting with a station-pointer, if the objects were 
well placed according to the foregoing rules, the slightest 
movement of the centre of the instrument will immediately 
throw out one or more of the legs. Conversely, when the centre 
of the station-pointer can be moved without the legs being 
thrown off the objects, it indicates that the objects are badly 
placed and the fix unreliable. 

As a general rule, the greater the difficulty in plotting the 
position with a station pointer, to a person accustomed to its 
use, the more unreliable is the fix. 
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The station-pointer should not be used on charts which 
indicate, as explained in Part I., that the survey was not 
made in great detail. In such a case it is preferable to fix by 
‘cross bearings. If bearings of several objects are observed, 
and the lines of bearing do not intersect at a point, it shows that 
one or more of the objects is incorrectly charted or that an 
error was made in the observation of one or more of the bearings. 


Where the distances, as represented on the chart, are very 
small, it frequently happens that the central part of the instru- 
ment obscures one or more of the points observed: in such a 
case it is convenient to plot the angles on either a Douglas’ 
protractor, a Cust’s station-pointer, or a piece of tracing paper 
and to use it in the same manner as the station-pointer. The 
Douglas’ protractor and the Cust’s station-pomter are graduated 
celluloid sheets on which lines may be drawn. 


66. Running fix.—We have shown above how the ship’s 
position may be found by the intersection of position lines from 
simultaneous observations, and we have now to show how the 
position may be obtained when only one object isin sight whose 
distance we do not know. This is done by obtaining two 
position lines from two observations with a considerable interval 
of time between them, the position so found being called a 
“running fix.” 


The value of a running fix is manifestly dependent on the 
accuracy of the reckoning kept, and on the correct estimation 
of the tidal stream or current experienced during the interval ; 
for this reason, it is desirable when possible to obtain absolute 
fixes. 


A running fix depends on the following principle. In Fig. 
56, suppose the ship to be at any point P on the position line AB, 
and suppose that in a 
given time she steams a 8 
given course and distance 
represented by the lhne 
RENtogee 

Again, suppose the 
ship to be at Y on the 
position line AB, and that 
in the same time she 
steams the same course 
and distance represented 
by YQ’ to Y’, then the line 
P'(’ is parallel to AB. 

From this we see that, 
wherever the ship may 
be on the line AB, she 
will, after steaming the 
given course and distance, 
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be on the line A’B’. This line is called the first position line 
transferred to the time of the second observation. _ 
Every running fix may be plotted as follows :— 

(1) Draw the first position line on the chart. 

(2) From any point on the first position line lay off the 
course and distance run between the observations, 
and from the extremity of this line the estimated 
direction and amount of the current or tidal stream 
in the interval. 

(3) Through the point so found draw a line parallel to 
the first position line; this is the first position line 
transferred, and the ship must be situated some- 
where on this line provided the course and distance 
made good between the observations has been 
correctly estimated and laid off. 

(4) Draw the second position line on the chart ; the point 
at which this line cuts the first position line 
transferred is the position of the ship. 

Hxample :—Ship’s course Kast, 8 knots. 
Estimated current, 8.E., 3 knots. 
At 45 p.m. the lighthouse bore N. 34° E. 
At 45 30™ p.m. the lighthouse bore N. 22° W. 
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In Fig. 57, A is any point on the first position line. 

AB is the course and distance run in 30 minutes. 

BO is the direction and amount of the current in 30 minutes. 

The position at 45 30™ p.m. is as shown in the Figure. 

In this example, two bearings of the same object have been 
taken with which to obtain the position lines; but the same 
method holds good if two different objects have been observed, 
in either case the difference in bearing should exceed 25°. __ 

A special case of this problem is called fixing by doubling 
the angle on the bow. By the angle on the bow is meant the 
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angle at the observer between the ship’s course and the direction 
of the object ; it is measured from right ahead to starboard or 
port, from 0° to 180°. 

In Fig. 58 it will be seen that the distance of the observer 
from the object when the angle on the bow has been doubled is 
equal to the distance run over the ground in the interval. 
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When the first angle observed is 2 points (224°), the distance 
of the object when abeam is the distance run multiplied by °7. 

The position by four point bearing is another special case 
when the first bearing is 4 points on the bow, and the second 
when. the object is on the beam. 

The method of fixing by doubling the angle on the bow 
should not be employed when there is a tidal stream or current 
whose direction is not the same as the ship’s course, or contrary 
to it; therefore, in general, when there is a tidal stream or 
current. the fix should be plotted as an ordinary running fix. 


67. Use of soundings in obtaining the position.— 
When only one object is in sight, an approximate position can 
be obtained by observing the bearing of the object and taking 
a sounding at the same time. The sounding must be reduced 
to the level or datum to which soundings on the charts are 
reduced, and, if a chemical tube has been used, should be 
corrected for the height of the barometer as explained in Part IV. 

Little reliance can be placed on this fix unless the soundings 
shown on the chart are such that the fathom line of the depth 
obtained can be drawn with confidence, its mean direction 
makes a good angle with the line of bearing, and the depth has 
been verified by two or more soundings. 

It is sometimes possible to estimate the ship’s position 
approximately as follows :— 

Sound at regular intervals, noting the depth and nature of 
the bottom at each sounding ; these soundings must be corrected 
as mentioned above. 
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Draw a few lines on a piece of tracing paper to represent 
true meridians, and on it lay off the course made good 
(allowing for tidal streams or currents). On the line which 
represents the ship’s track, plot the observed soundings and 
natures of the bottom at their correct distances apart, according 
to the scale of the chart. 

Place the tracing paper on the chart in the vicinity of the 
ship’s estimated position, and, keeping the meridians drawn on 
it parallel to those on the chart, move it about and see if the 
soundings on the tracing paper can be made to coincide with 
those on the chart. If they do coincide, the position of the 
ship at the time of the last sounding was at the point of the 
chart underneath the last sounding on the tracing paper. 

The utmost caution should be observed in estimating the 
ship’s position from the coincidence of a line of soundings with 
the soundings on the chart, because small errors may give very 
erroneous results particularly where the water shoals gradually. 
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CHAPTER IX. 


THE HEAVENLY BODIES AND THEIR TRUE 
PLACES. 


68. Necessity for astronomical observations.—As 
stated in § 47, the position of the ship should be frequently 
determined by observation, not only as a check on the accurate 
steering of the course and on the estimated speed, but also to 
guard against a wrong estimation of currents, tidal streams, &c. 
When it is impossible to determine the ship’s position by 
observations of fixed objects on shore, as, for instance, when 
there is a haze over the land, or when the ship is in mid ocean, 
we have to find it by observation of the heavenly bodies; but 
before proceeding to explain how this may be done, it is 
necessary to give some account of the heavenly bodies, with 
special reference to those which are suited to the purposes of 
navigation. | 

The heavenly bodies may be classified into two groups, the 
stars and the solar system. 


69. The stars.—The stars are bodies comparable in size 
and physical conditions with the sun, shining by their own 
light as does the sun, and emitting a radiance which cannot 
be distinguished from sunlight. Some of the stars are much 
larger than the sun and some are much hotter, some are smaller 
and some cooler. 


70. The constellations.—In ancient times the stars were 
grouped into constellations, partly as a matter of convenient 
reference, and partly as superstition. ‘These groups were given 
fanciful names, mostly of persons or objects conspicuous in the 
mythologies of the times. In some cases a vague resemblance 
to the object which gives the name to the constellation can be 
traced, but generally it is difficult to assign a reason as to why 
the constellations have been so named or so bounded. 

The names of the constellations are given in a Latinised form, 
such as Leo, Taurus, Argus, &c. 

71. Designation of bright stars.—The stars in a 
particular constellation are designated by letters of the Greek 
alphabet, assigned usually in order of brightness. Thus the 
brightest star in the constellation Taurus, is a Tauri, the next 
brightest star is 8 Tauri, and so on. Some of the bright stars 
have names of their own, the majority of the names being of 
Greek or Latin origin, as, for instance, Arcturus (a Bodtis), and 
Procyon (a Canis Minoris); some, however, have Arabic names, 
as, for instance, Aldebaran (a Tauri). 


72. Magnitudes of stars.—The term ‘magnitude,’ as 
applied to a star, refers simply to its brightness. The magni- 
tudes of the stars have been determined on the assumption that 
the magnitude of a particular star, called the Pole star, is 2°15. 
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Magnitudes are assigned to stars according to their brightness, 
the brighter the star the smaller being the number assigned 
to its magnitude. 

Those stars whose magnitudes are less than 2 are called stars 
of the Ist magnitude, those whose magnitudes are 2 and above 
but less than 3 are called stars of the 2nd magnitude, and so on. 

Those stars which can only just be seen by the naked eye on 
a clear-night are stars of the 6th magnitude. 


73. The Solar System.—If we now confine ourselves to 
that particular star which is called the sun, we find that there 
are several bodies which revolve round it in definite periods. 
These bodies are called the sun’s planets, and one of them is the 
earth. For the purposes of navigation; we need only consider 
five of the planets, namely, Venus, The Earth, Mars, Jupiter 
and Saturn. 

The planets revolve round the sun in planes which are 
little inclined to one another, and they have a common direction 
of revolution which is the same as that of the earth on its axis. 
They have also a common direction of rotation on their axes, 
which ig the same as that of the sun. 

The earth moves round the sun in an orbit which is an 
ellipse, the plane of the ellipse being inclined at an angle of 
about 23° 27’ to the plane of the earth’s equator. 

In the same way as the earth revolves round the sun, so the 
moon revolves round the earth, the plane of the moon’s orbit 
being inclined at about 5° to that of the earth. The moon is 
called the Earth’s satellite. Similarly Mars, Jupiter, and Saturn 
are attended by their respective satellites in their motion round 
the sun, and, in addition to satellites, Saturn is surrounded by 
three revolving rings. 

The following table gives details of the sun, planets, and the 
moon, which, together with other bodies which are of no value 
in navigation, form what is called the Solar System :— 


| 
= | Sun. Venus. |TheHarth., Moon. Mars. | Jupiter. Saturn. 
Mean distance nae Gh Were ir ae 141 | 482 | S84 
from sun, in 
millions of 
miles. 
Diameter in | 865,000 7,660 7,918 2,163 4,200 85,000 71,000 
statute miles. 
Time of axial 95°38. |. 23h. 21m.) 23h. 56m: — 24h. 37m.| 9h. 55m. | 10h. 14:n. 
rotation. days. 
Time of orbital — *62 1 — 1°88 11°86 29°46 
revolution in 
years. 
Inclination of — i. I eee i bs — 24° 50’ 3° 05' 26° 49' 
orbit to the 
equator. 
Number of — — | 1 — 2 4 8 and 
satellites. 3 rings. 
Densities - — *92 1 °613 *45 “ys ‘11 
Inclination of — Awode 0 — E51! 1°) 13! O° Oe 
orbit to the | 
ecliptic. | 
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The mean distance of the moon from the earth is 239,000 
statute miles. 


74. The Nebular Theory.—It is so important to realise 
the rapid movements of the moon and planets in distinction to 
the comparative fixity of the stars, that in order to emphasise 
the matter a brief account of the nebular theory of Laplace 
may not be without value. 

Laplace supposed that the matter now condensed into the 
various members of the solar system once formed a vast nebula 
of intensely heated gas. This nebula under the action of 
universal gravitation assumed an approximately globular form 
with rotation about an axis. . 

This rotation may be accounted for by supposing that 
different portions of the nebula had motions of their own ; then, 
unless these motions happened to be balanced in the most 
perfect and improbable manner, a motion of rotation would set 
in of itself as the nebula contracted. 

The principle of the conservation of momentum shows that, 
as the nebula contracted, its angular velocity must have 
increased. In consequence of the rotation, the mass became 
flattened at the poles, instead of remaining spherical. 

As the speed of rotation increased, the centrifugal force 
increased, particularly in the equatorial regions, till a time 
arrived when the centrifugal force became equal to gravity, and 
rings of nebulous matter, resembling the rings of Saturn, were 
thrown off; in other words, the augmenting centrifugal force 
from time to time prevented the equatorial zone from following 
any further the contracting mass, and so the zone remained 
behind as a revolving ring. 

Hach of the revolving rings, thus periodically detached, 
eventually broke up into many masses which finally combined 
to form a single planet. 

A detached planet, in like manner to the parent mass, in- 
creased in speed of rotation as it decreased in size, and, where 
the centrifugal force was sufficient, similarly left rings behind 
which finally collapsed into rotating bodies, called satellites. 
Thus out of the detached rings there arose planets and satellites, 
while the remains of the central mass exists in the sun. 


Of course there are several anomalies in the theory sketched — 
above, particularly if we consider all the planets and satellites 
of the solar system, but, on the whole, the facts give support 
to it. 

The planets are bodies which have cooled down to such an 
extent as to give little or no light of their own, and are seen by 
the light of the sun reflected from them to the earth’s surface. 

The planets, therefore, are unlike the stars in two respects. 

firstly, they are in motion, while the stars are relatively 
fixed. 

Secondly, they are seen by the sun’s reflected light, while 
the stars are seen by their own light. 
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The planets can generally be distinguished from the stars 
by remembering that they shine with a steady light, while most 
of the stars twinkle. | 

It will be seen from the table given in § 73 that the orbit of 
Venus lies between the earth and the sun; for this reason 
Venus is called an inferior planet, and, because it is always 
close to the sun, is only seen in the morning or evening. 


75. How to recognise the stars.—Most of the im- 
portant stars can be recognised by referring them to imaginary 
lines in the heavens, indicated by the principal stars in such well- 
known constellations as the Great Bear (Ursa Major) and Orion, 
the names and appearances of which should be first studied. 
Wig. 59 shows the constellations known as the Great Bear 
(Ursa Major) and Little Bear (Ursa Minor). 


Pole-star or Polaris (a Urs Minoris).—A line from 8 Urse | 
Majoris through a Urse Majoris (Dubhe) points to the Pole 
star. or this reason a and 8 Urse Majoris are often spoken of 
as the pointers. 


Arcturus (a Boédtis) and Spica (a Virginis)—Arcturus is a 
very bright star, and is found by continuing the curve of the 
tail of the Great Bear. If this curve is continued still further 
it will pass through Spica, Arcturus being about midway 
between the tail of the Bear and Spica. 


Denebola (8 Leonis)—Denebola forms with Arcturus and 
Spica an equilateral triangle. 


Capella (a Aurige).—Capella lies on a line drawn from the 
Pole-star at right angles to the line joining the pointers, away 
from the Little Bear, and at a distance of about 45°. Near 
Capella there are three fairly bright stars which form an 
isosceles triangle. 


Vega (a Lyrew).—Vega is found by extending the line 
joining Capella to the Pole-star to about an equal distance on 
the opposite side of the pole. Near Vega there is a very 
distinct W of small stars. 

Fig. 60 shows the constellation of Orion and some of the 
bright stars near it. ‘This constellation is always very con- 
spicuous, and, owing to the large number of bright stars in its 
vicinity, is especially useful for pointing out the other stars in 
the heavens. Four of the stars in this constellation are at the 
corners of a quadrilateral, three of them being stars of the 
Ist magnitude, namely, Betelguese (a Orionis), Rigel (@ Orionis) 
and Bellatrix (y Orionis), the other is a star of the 2nd 
magnitude (« Orionis). 

-In the middle of the quadrilateral there are three stars 
situated in a straight line and very close to one another: these 
three stars are called Orion’s belt. 
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Sirius (a Canis Majoris), and Aldebaran (a Taurt).—In the 
Figure it will be seen that Orion’s belt points in one direction 
roughly towards Sirius, and in the other roughly towards 
Aldebaran, and that these stars are approximately equidistant 
from the belt. Sirius has a magnitude of — 1°4, and is the 
brightest star in the heavens. Aldebaran may be distinguished 
by its reddish tint. 


Canopus (a Argus).—Canopus is about 36° 8S. 5° W. from 
Sirius, and has a magnitude of — 1°0, being next to Sirius in 
brightness. 


Pollux (8 Geminorum) and Castor (a Geminorum).—A line 
from Rigel through the middle star of Orion’s belt points to 
Castor, and Pollux will be found not far away. 


Procyon (a Canis Minoris).—Procyon forms, with Sirius and 
Betelguese, an equilateral triangle. 


Regulus (a Leonts).-—-A line from Bellatrix through Betel- 
guese points towards Regulus, which | is about 60° from 
Betelguese. 


Fig. 61 shows the constellations of Pegasus and Cassiopeia, 
and other stars in the vicinity. 


Markab (a Pegasz).—It will be seen in the Figure that this star 
is the South-Western star of the square of Pegasus, and the two 
Western stars of the square point to the Pole-star. 


Fomalhaut (a Piseis Australis)—The line joining the two 
western stars of Pegasus, produced away from the Pole-star, passes 
through Fomalhaut. 


Altair (a Aquile).—Altair lies between two less brilliant 
stars in a line with Vega; a line from Capella through y and 
8 Cassiopele points to Altair. 


Antares (a Scorpw).—Antares is a reddish star, and is at the 
centre of a small bow which points directly at another bow. 


Achernar (a Hridani).—Achernar lies on a line joining 
Canopus and Fomalhaut, and is midway between them. 


Fig. 62 shows the Southern Cross, in which a, 6 and y. 
Crucis are all stars of the lst magnitude; a and B Centauri, 
which are very bright stars of the Ist magnitude, are also 
shown in the Figure. It should be noticed that 8 Centauri 
is nearer to the Southern Cross than a Centauri. 
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76. The movement of the earth.—In Fig. 63, S$ 

represents the sun, and KH,, H,, EH, and K,, the positions 
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of the earth at the commencement of the seasons spring, 
summer, autumn, and winter respectively ; the observer is sup- 
posed to be looking down from the North side of the plane of the 
orbit, which is an ellipse, the earth when at i, being about three 
million miles nearer to the sun than when at B,. ‘The axis of the 
earth is not at right angles to the plane of the orbit, but 
inclined to it at an angle of about 66° 33’; therefore the plane 
of the equator and that of the orbit are inclined to one another 
at an angle of about 23° 27’. 

As the earth, during its revolution round the sun, rotates on 
its axis, any spot on the earth’s surface is exposed alternately 
towards the sun and away from it; the time during which the 
sun is visible is called day, and that when the sun is obscured 
is called night. 

The earth makes a complete revolution round the sun in a year. 


77. The celestial concave. The ecliptic and 
celestial equator.—The observer, being unable to judge the 


Bacar ols) Cn tam 


Fig. 64. 


relative distances of the heavenly bodies, sees them apparently 
on the interior surface of an infinitely large sphere, of which his 
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eyeis the centre. This sphere is called the celestial concave and 
the points where it is intersected by the earth’s axis produced are 
called the celestial poles. That pole which is above the horizon 
is called the elevated pole. 

From the point of view of the earth being stationary and 
the sun revolving round it once a year, it is convenient to 
compare Fig. 64, drawn on this supposition, with Fig. 63, which 
illustrates the true case. In Fig. 64,8,,8,, 8, and S, are the 
apparent places of the sun as really seen from H,, E,, EH, and 
I, respectively. ; 

Owing to the real movement of the earth in the direction of 
the double arrows, Fig. 63, the centre of the sun appears, in 
the course of a complete revolution (year), to describe a circle 
on the celestial concave, Fig. 64; this circle is called the 
ecliptic. 

Since the planes of the orbits of the moon and planets are 
but little inclined to that of the ecliptic, the moon and planets 
are always seen near the ecliptic. An imaginary belt of the 
heavens, extending 8° on either side of the ecliptic and in which 
all the planets are situated, is termed the zodiac. 


The plane of the earth’s equator, if extended, would inter- 
sect the celestial concave in a great circle, which would intersect 
the ecliptic in two opposite points. This great circle on the 
celestial concave is called the celestial equator (or equinoctial), 
and is evidently inclined to the ecliptic at the same angle as the 
plane of the earth’s equator is inclined to that of its orbit; this 
angle (23° 27’) is called the obliquity of the ecliptic. 


The axis of the earth remains, for all practical purposes, 
parallel to itself during every revolution; therefore the two 
opposite points of intersection of the ecliptic and celestial 
equator are practically fixed poimts on the celestial concave. 
They are known as the first points of Aries and Libra, because 
in early ages they occupied positions in these constellations. 
On March 21st, when the earth is at E,, the centre of the sun 
occupies on the celestial concave the same apparent position as 
the first point of Aries, and this position is called the vernal 
equinoctial point; for a similar reason, when the earth on 
September 23rd is at If,, the sun apparently occupies the first 
point of Libra, and this position is called the autumnal equi- 
noctial point. ‘Therefore, the first point of Aries is the position 
of the sun on the celestial equator as it moves from South to 
North ; it is denoted by the symbol 7, Fig. 65. 


A difficulty may occur to the reader that the plane of the 
equator when the earth is at K,, Fig. 63, is not identical with 
that when the earth is at E,, and that, therefore, the points of 
intersection of the plane of the equator with the fixed plane 
of the ecliptic are not the same in the two cases. ‘This is 
strictly true, and would be appreciable at a finite distance, but 
is not so at the infinite distance of the celestial concave. The 
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celestial poles being at an infinite distance are unaffected by 
the earth’s motion in its orbit, and may, therefore, be regarded 
as fixed points. 

The ecliptic and celestial equator intersect at the equinoctial 
points, and are, therefore, most widely separated at positions 
midway between these points. ‘These positions are known as the 
summer and winter solstitial points, and the sun appears to 
occupy them when the earth is at EH, (June 22nd) and at E, 
(December 22nd), respectively. 


78. Positions of heavenly bodies.—The celestial 
equator being a fixed circle on the celestial concave, and the 
first point of Aries very nearly a fixed point on that circle, the 
positions of the heavenly bodies may be expressed by reference 
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to them, in precisely the same way as places on the earth’s surface 
are expressed by reference to the equator and the meridian of 
Greenwich. 

The true place of a heavenly body is the point where the line 
joining the centre of the earth to the centre of the body meets 
the celestial concave. In Fig. 65 X is the true place of the 
body S. 
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Celestial meridians are semi-great circles which join the 
celestial poles, PXP’, Fig. 65, and they correspond to terrestrial 
meridians. 

Parallels of declination are small circles whose planes are 
parallel to that of the celestial equator BX in Fig. 65, and 
they correspond to terrestrial parallels of latitude. 

The declination of a heavenly body is the arc of the celestial 
meridian, which passes through the true place of the body, 
intercepted between the celestial equator and the true place 
of the body, or it is the angle at the centre of the earth sub- 
tended by this arc; it is measured from the celestial equator 
from 0° to 90°, and is named North or South according as the 
body is North or South of the celestial equator. Declination on 
the celestial concave corresponds to latitude on the earth. In 
Fig. 65, AX or ACX is the declination of the body S. 

The polar distance of a heavenly body is the are of the 
celestial meridian, which passes through the true place of the - 
body, intercepted between the elevated pole and the true place 
of the body, and is, therefore, 90° + declination. In Fig. 65 PX 
is the polar distance of the body S to an observer in North 
latitude, and P’X to an observer in South latitude. 

The right ascension (R.A.) of a heavenly body is the are of 
the celestial equator intercepted between the first point of Aries 
and the celestial meridian which passes through the true place 
of the body ; it is measured Kastward from the first point of 
Aries, increasing from 0° to 360° (or 24 hours). In Fig. 65 
YA is the right ascension of the body S. Right ascension on 
the celestial concave corresponds to longitude on the earth. 


79. Variation in right ascension and declination. 
—IJn the case of the sun it will be seen from Fig. 64 that its 
right ascension on March 21st is 0° (or 0 hours); on June 22nd, 
90° (or 6 hours) ; on September 23rd, 180° (or 12 hours) ; and 
on December 22nd it is 270° (or 18 hours). Since the planes 
of the ecliptic and celestial equator are inclined at an angle of 
about 23° 27’, it follows that the sun’s declination on March 
21st is 0°; on June 22nd, 23° 27’ N.; on September 23rd, 0°; 
and on December 22nd, 23° 27’ S. 

In a similar way it may be shown that there are considerable 
periodic changes in the right ascensions and the declinations of 
the moon and planets. | 

The stars are so distant that their positions are unaffeeted 
by the annual change of position of the earth, and their 
declinations and right ascensions only change by a small 
yearly amount, dependent principally on the slight annual 
movement of the first point of Aries. 

The right ascensions and declinations of the centres of 
heavenly bodies are obtained by the fixed instruments of 
astronomical observatories, and are tabulated in the Nautical 
Almanac for each year. 

In this book the general abbreviation for the right ascen- 
sion of a heavenly body is R.A.%. 
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CHAPTER X. 


THE GREENWICH DATE AND CORRECTION OF 
RIGHT ASCENSION AND DECLINATION. 


80. The year and the month.—It has just been shown 
how the positions of heavenly bodies are referred to the 
celestial concave by means of their right ascensions and decli- 
nations. As the right ascensions and declinations are con- 
tinually changing, we have to show how to find these elements at 
any instant of time, from the particular values tabulated in the 
Nautical Almanac ; in other words, we have to find the right- 
ascension and declination at a particular date. Now the date, 
at which an observation is taken, is the interval of time that has 
- elapsed since some particular event; this interval is measured 
in various units of time which depend on the intervals occupied 
by the earth in its revolution round the sun and its rotation on 
its axis. 

The largest unit is the mean solar year, eieha is the eee 
between two successive passages of the sun through the first 
point of Aries. 

The next unit in order of magnitude is the calendar month. 
A lunar month is the interval occupied by the moon in revolving 
round the earth with reference to the sun; as the mean solar 
year contains about twelve lunar months, but not an exact 
number, it has been found convenient to divide the mean solar 
year into a series of twelve periods, each having a fixed number 
of days: these periods are the calendar months now in use. 

In order to explain the smaller units of time we must first 
explain how the rotation of the earth on its axis is made use of 
to measure them. 


81. Celestial meridians of observer and heavenly 
body.—The earth rotates on its axis from West to East; 
consequently the heavenly bodies appear to us to revolve round 
the earth from East to West. For this reason we regard the 
earth as fixed and the heavenly bodies as rotating round the 
earth together with the celestial concave, so that the plane of 
each celestial meridian coincides in turn with the plane of the 
meridian of tlie observer. 

That particular celestial meridian whose plane coincides 
with that of the meridian of the observer at any instant, is called 
the celestial meridian of the observer at that instant. 

The celestial meridian of a heavenly body is that celestial 
meridian which passes through the true place of the body. 

u 17415 H 
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82. The day.--When the celestial meridian of a heavenly 
body and the celestial meridian of an observer coincide, the 
body is said to be on the observer’s meridian, to pass the 
observer’s meridian, or to be in transit, and the interval between 
two successive meridian passages of a body is used as a means 
of measuring time; this interval is called a day. ‘There are © 
different kinds of days, which take their names from the different 
bodies to whose meridian passages they refer. 


83. The solar day.—The solar day is the interval of 
time between two successive passages of the sun’s centre over 
the same meridian. ‘The solar day begins when the sun's centre 
is on the meridian of the observer, and at this instant it is said 
to be apparent noon at his meridian. Observations show that 
this interval is not the same for any two days in succession. 
This is due to two causes :-— 


(a) The sun does not move in the celestial equator, but in - 

the ecliptic. 

(b) The sun’s motion in the ecliptic is not uniform, the 
velocity of the earth in its orbit varying with its 
distance from the sun. | 

The length of the solar day is, therefore, variable, and clocks 
cannot be regulated to measure it. 


84. The mean solar day and mean solar time.—In 
order to obtain a uniform measure of time, an imaginary day is 
employed, called a mean solar day, which is equal in length to 
the mean or average of all the solar days in a mean solar year. 
There are 365° 242216 mean solar days in a mean solar year. 

The mean solar day refers to the meridian passage of an 
imaginary sun, called the mean sun, which is conceived to 
move in the celestial equator with the true sun’s mean rate of 
motion in right ascension. The mean sun is regulated with 
regard to the true sun by means of a fictitious body, which is 
conceived to move in the ecliptic with the average speed of the 
true sun, and to coincide with the sun when the earth is nearest 
to the sun. 

When this fictitious body passes the first point of Aries, the 
mean sun is supposed to start from that point and to move in 
the celestial equator with the same uniform speed as the 
fictitious body in the ecliptic. 

A mean solar day at any place is considered to begin when 
the mean sun is on the meridian of that place (mean noon), 
and is measured by the interval which elapses between two 
successive passages of the mean sun over that meridian. This 
interval is divided into 24 mean solar hours, each being again 
subdivided into minutes and seconds. A clock regulated to 
keep this time is called a mean solar clock, and the time shown 
by it is called mean time. 

For convenience the civil day begins at midnight and ends 
at the next midnight, midnight being the instant at which the 
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mean sun is on that meridian the longitude of which differs by 
180° from that of the place. It comprises 24 hours, which, 
however, are counted in two series of 0 hours to 12 hours; the 
first is marked a.M., extending from midnight to noon, and the 
second is marked p.M., extending from noon to midnight. 

The astronomical day begins at noon on the civil day of the 
same date. It also comprises 24 hours, but these are reckoned 
from 0 hours to 24 hours, and extends from noon of one day to 
noon of the next. It follows that, whereas 2> p.m., January 9th 
civil time is January 9th, 2 hours astronomical time; 2 a.m. 
January 9th civil time is January 8th, 14 hours astronomical 
time. | 

Thus we see that the date at which an observation is taken 
may be expressed in hours, minutes, and seconds of a particular 
mean solar day of a particular month of a particular mean solar 
year ; and that the mean solar day may be civil or astronomical. 

The mean solar time at any place is denoted by M.T.P. 
this time at place) and on board a ship by 8.M.T. (ship mean 
time). 

The time kept by clocks in England is the mean solar time 
‘at Greenwich, and is denoted by G.M.T. Chronometers are 
carried on board ship and from them the G.M.T. can always be 
found. ‘To avoid the necessity of moving the chronometers, a 
watch called a deck or hack watch is used for noting the time 


at sea, and its error on G.M.T. is found by comparison with 
the chronometers. ) 


85. Change of time for change of longitude.—. 
With regard to the mean sun M, in -Fig. 66, 24 mean solar 
hours will elapse between two successive passages across the 
' same meridian, and, therefore, if we suppose 24 meridians to be 


drawn at equal distances apart (3 = 15° ), they will by the 


24, 
rotation of the earth pass successively under the mean sun at 
intervals of one mean solar hour. 

If one of these 24 meridians be that of Greenwich, PG in 
Fig. 66, the first of those Eastward of that meridian, PH, will 
evidently pass under the mean sun one mean solar hour before, 
and the first Westward of Greenwich, PW, one hour after the 
mean sun has crossed that meridian. In other words, at Green- 
wich mean noon, the mean time at every place on the meridian 
PE will be 1" p.m., and similarly at the same instant the mean 
time at every place on the meridian PW will be 11> a.m. 


From this it follows that time is converted into are at the 
rate of 15° to an hour, which is the same as 1° to 4 minutes, or 
1’ to 4 seconds, or 1’’ to sth of a second of time. | 
._ Inman’s tables give the Log. Haversines for angles expressed 
either in arc or time ; consequently time may be converted into 
arc, or-vice versa, by inspection of these tables. To avoid the 
risk of arithmetical mistakes, this method should always be 
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employed. In the event of no tables being available, are may 
be converted into time and mice versd by remembering the 
relations stated above. 

It will be seen that at every place “ 
on the meridian of Greenwich, PG in ¥ 
Fig. 66, the time will be mean noon 
(G.M. Noon); at every place on the 
meridian PH the M.T.P. is 1° p.m., 
and at every place on the meridian 
PW the M.T.P. is 115 a.m. From this 
we see that the difference in time at 
the two meridians, expressed in_ arc, 
is the difference of longitude of the 
two meridians: thus the difference 
between the M.'T’.P. of the meridians 
PH and PW 1s 2 hours, which, ex- 
pressed in arc, is 30°, and this is the 
d Long. between the two meridians. 
When one of the meridians considered 
is that of Greenwich, the difference ES w 
between the longitudes becomes the | 
longitude of the other meridian, and 
so the longitude of a place expressed 
in time is the difference between the 
G.M.T. and the M.T.P. at any instant. 

In Fig. 66, the longitude of PH 
is 15° E., and the G.M.T. is 0 hours or 
24 hours. The M.T.P. of the meridian 
PE is 1 hour, so that, since the longi-_ 
tude expressed in time is 1 hour, we 


see that 
M.T.P. = G.M.T. + Long. of PE. 
Similarly with regard to.the meridian PW, 
MT. Beo= GT, —i hon s.sotree Ww. 

Thus, when finding the 8.M.T. or M.T.P., we add or subtract 
the longitude of the ship or place, expressed in time, to the 
G.M.T. or from it, according as the place is in East or West 
longitude. This is easily remembered by aid of the following 
rhyme :— 
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Longitude East, Greenwich time least ; 
Longitude West, Greenwich time best. 


86. The Greenwich date.—All the elements tabulated 
in the Nautical Almanac are given for various hours of Green- 
wich mean time, some being given for G.M. Noon only and some 
for every two hours. In order to take out the elements for any 
date it 1s necessary to find the G.M.T. corresponding to that. 
date, and to find this we apply to the time shown by the 
chronometer, or deck watch, the error of the instrument on 


G.M.T. | 
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The G.M.T, is always expressed in astronomical time and, 
since the dials of most chronometers and watches are marked 
from 0 to 12 hours, it may sometimes be necessary to add 
12 hours to the chronometer or watch time, and to put the day 
of the month one day back. To determine whether this must 
be done, an approximate G.M.T., called the Greenwich date 
(G.D.), should always be found by applying the estimated longi- 
tude (in time) to the S.M.T. or M.T.P. expressed in astronomical 
He. | 

Example 1:—August’ 3rd, at 5" 32™ p.m. (S.M.T. nearly) 
in estimated longitude 150° 30’ W. a chronometer showed 
35 23™ 158, its error on G.M.T. being 10™.208 slow. Required 
the G.M.T. , | 

peo 32™" Ang. ord. Chron. - “Oe on Lae 
Long. +10 02 (W.) ErroronG,M.T.0 10 20 slow 


Cee eeeto 04 Aug. 3rd Se oa. 
ae ————— ss Add 120 004.00 
G.M.T. - slog iooapoo Aug) ord 


Example 2:—March 10th, at 2" 10™ a.m. (S.M.T. nearly) in 
estimated longitude 20° 43’ E., a chronometer showed 05 2™ 508, 
its error on G.M.T. being 0) 45™ 16* slow. Required the 
Gul: 


S.M.T. 145 10™ Mar. 9th Chron. - sien U2 bUs 
Long.—1 23 (E.) ErroronG.M.T.0 45 16 slow 
eee 47 Mar. 9th 0 48 06 
eis | Add | ~~ W200 1.00 
G.M.T. - - 12 48 06 Mar. 9th 


87. Correction of right ascension and declina- 
tion.—(a) The Sun.—As will be presently understood, after 
reading Chapter XI., it is unnecessary to find the right ascension 
of the sun. 


The declination of the sun is given in the Abridged 
Nautical Almanac on page I. of every month. The name of 
the declination is indicated by N. or 8. prefixed to it at every 
third noon, and also at each of the two noons between which 
it changes name. . The value of the declination for any G.M.T. 
other than noon is found as follows :—Take the interval between 
the G.M.T. and the nearest noon; express it in hours and 
decimals of an hour. ‘Take the value of the declination and its 
variation in one hour at that noon. Multiply the variation in 
one hour by the interval. Apply the product as a correction 
to the noon value, additive or substractive as indicated by 
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inspection of the Almanac. When a change of name in decli- 
nation occurs during the interval, it is made evident by the 
fact thatthe correction is greater than the noon value and is 
subtractive. 


On pages HI. to VI. of every month the value of the 
declination is given for every even hour of G.M.T., and it may 
be taken out at sight. In the following examples ‘the multiphi- 
cation is not shown. | 

Hxample 1.:—Required the sun’s declination at G.M.T. 
April 12th 1914, 55 41™. The nearest noon is that of April 
12th, and the interval is 5°7 hours. The variation in one 
hour is 0/°92. By inspection the value required is greater 
than the noon value. 


At April 12th, G.M. Noon, Sun’s Dec. 8° 28’°5 N. 


Add Diet txeO iO? - - - -+- Die 
At G.M.T. required - - - OS oee ee 


From page IV. an estimate, made between the values for 
four and six hours on April 12th, gives the same result. 

Hxample. 2:—Required the sun’s declination at G.M.T. 
March 20th 1914, 195 53", 

The nearest noon is that of March 21st, and the Sau bE 1s 
4‘l hours. The variation in one hour is 0’ 99. By inspection 
a change of name may occur. : 


At March 21st, Noon, Sun’s Dec. (0° O0'°8N. 


Subtract 4°1 x °99 - ech es Ai 
At G.M.T. required ~ ~ OOS mae 


The correction is subtractive and exceeds the noon value, 
so that there is a change of name. 


From page V. the same result may be estimated. 


(b) The Moon.—The right ascension and declination of the 
moon are given on pages VII. to X. for every month for every 
even hour of G.M.T., and the two hourly differences enable the. 
value for any intermediate G.M.T. to be readily obtained by 
inspection of the table of proportional parts; this table will be 
found at the end of the Almanac, the arguments being, at the 
top of the page, the two hourly differences, and at the left-hand 
side of the page, the interval from the nearest even hour of 
G.M.T. ; 

Hxeample :-—Required the right ascension and declination of 
the moon for G.M.T. March 5th 1914, 9" 36 ™, 


The nearest even hour is 10 and the interval is 24 minutes. 
With 288, the difference between 8 hours and 10 hours, at top’ 
of page, and 24 minutes, at left-hand side of page, as argu- 
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ments, it will be found that 58 seconds should be subtracted 
from the R.A. for 10 hours. Similarly 0’°6 is found to be the 
amount to be subtracted from the declination for 10 hours. 


At March 5th, 10® | 
R.A. Moon - et ee Osy OO ue Dect. 2 neo WONG 


Proportional parts for 24™ ao Tae 
At G.M.T. required +2 of 726401 Bouiconta IN. 


(c) The Planets—The right ascensions and declinations of 
Venus, Mars, Jupiter, and Saturn are given on pages XI. and 
XII. of every month for G.M. Noon of each day; the values for 
any other G.M.T. can be found by means of the table of pro- 
portional parts, using as arguments the difference in 24 hours 
at the top of the page and the interval from the nearest G.M. 
Noon at the right-hand side of the page. 


(d) The Stars.—The right ascensions and declinations are 
given of all stars, of magnitudes 3 and upwards, at intervals 
of 90 days; the approximate values for any day can be taken 
out by inspection. 


88. Adjusting ship’s clocks for change of longi- 
tude.—It is convenient for many reasons to keep the ship’s 
clocks adjusted so as to show 8.M.T. as nearly as possible. 


Suppose a ship starts from the meridian of Greenwich with 
her clocks showing G.M.T. On arriving at the meridian of 
15° E. she will have changed her longitude (expressed in time) 
by 1 hour, so that the time at this meridian is 1 hour in advance 
of G.M.T.; consequently, when a ship steams East it is neces- 
sary, in order to keep her clocks adjusted to S8.M.T., to put 
them on by an amount equal to the d Long. expressed in time. 
Similarly, when steaming West, it is necessary to put the clocks 
back. 


It is customary to adjust the clocks of a man-of-war during 
the night, or in the morning watch, so as to interfere with the 
work of the ship as little as possible, and to adjust them so that 
they will show correct time at the following noon. It may be 
convenient, when a ship is on a long voyage, to adjust the 
clocks so that they will show XII. at the next apparent noon, in 
order that observations of the sun, when on the meridian, can be 
made at noon by the ship’s clocks. 


Let us again consider the change of time on board the ship 
which is steaming East. When in longitude 180° E. the S.M.T. 
will be 12 hours in advance of the G.M.T. at any instant, and 
this introduces an important complication. 

Suppose the ship to be in longitude 179° 45’ EK. (11" 59™ E.) 
at 2h p.m. on January 4th, and that her longitude after an 
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interval of one houris 179° 45’ W. (an 59™ W.). Now the 
G.M.T. at 25 p.m. is given by 


S Map - =. 2h Q00™ January 4th. 
Hoong | se eat E 3) 
G.M.T. - - -14 O01 J anuary ord. 


One hour later her G.M.T. is 15> 01" January 3rd, and 
her 8.M.T. at the same instant is given by 


G.M.T, - 2 - 154:01™ January ree 
Long. - . rele O  N ) 
S.M.T.- - . - 3 02 January 3rd. 


Therefore the 8.M.T. has changed in one hour from 2) p.m. 
January 4th to 35 02™ p.m. January 3rd. From this we see - 
that when crossing the meridian of 180° from East longitude to 
West longitude, the date will alter one day back. Similarly it 
may be shown that when crossing the meridian of 180° from 
West longitude to East longitude the date will advance one 
day. 

When navigating in the vicinity of the meridian of 180°, the 
possibility of using a Greenwich date with an incorrect day of 
the month may be avoided by noting that the sequence of the 
days of the month used in the Greenwich date, from day to day, 
remains unbroken. 3 


89. Standard times.—lIf every place in the same country 
kept the time appropriate to its meridian—that is, M.T.P.—dif- 
ficulties would arise in the transactions of ordinary life, in 
particular as regards railways. For this reason a system of 
standard times has been adopted, by which all places'in one 
particular country, or division of a country where it is a large 
one, keep the same time—which is that of some important place 
or meridian ; in the latter case the time is generally regulated 
by Greenwich mean time, and is a certain number of hours in 
advance, or behind it, depending on the average longitude of the 
country. In England, Scotland, and Wales, G.M.T. is kept in 
all ports, and this time is also kept in all the ports of France, 
Belgium, Spain, and Portugal. 

The time at the meridian of 15° E. is one hour in advance 
of G.M.T.; this time is called Mid-European time and is kept 
by Germany, Austria, Denmark, Sweden, Norway, Italy, Malta, 
and other countries which are situated in about the same 
longitude. 

Kast European time is two hours in advance of G.M.T. It 
is the time for the meridian of 30° E., and is kept by Kgypt, 
South Africa, and Asia Minor. 

Similarly other times, which are a certain number of hours 
in advance or behind that of. Greenwich, are kept in other parts 
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of the world; for example, New Zealand’s standard time is 
11 hours 30 minutes fast on G.M.T. 

A few countries keep the M.T.P. of a particular place: for 
example, Ireland’s standard time is that of the meridian of 
Dublin, which is 25 minutes 21°1 seconds slow on G.M.T. 

The standard times kept in any particular country are 
given in the sailing directions, in a table towards the end of 
the unabridged edition of the Nautical Almanac, and in the 
Admiralty List of Lights and Time Signals. 

When, therefore, a ship steams from one port to another, 
at both of which the same standard time is kept, it 1s generally 
unnecessary to alter the ship’s clocks during the voyage. 

The meridian of 180° passes through several groups of 
islands, so that it is possible for the dates at two islands in any 
particular group to differ. ‘To avoid the inconvenience arising 
from a difference of date in adjacent islands, the meridian of 
180°, in the vicinity of each group, is broken and replaced by a 
zig-zag line which leaves the whole group to one or other side 
of it. This line is called the date or calendar line, and 
countries, situated on opposite sides of it, keep different dates. 
Information relating to the date line will be found in the 
Admiralty List of Lights and Time Signals. 

When proceeding to a place, which does not keep the date 
corresponding to its longitude due to the position of the date 
line, care must be taken when working observations to use the 
correct G.D. The possibility of error may be avoided by noting 
that the sequence of the days of the month used in the Green- 
wich date, from day to day, remains unbroken; after the 
meridian of 180° has been crossed, the Greenwich date may be 
found by remembering that, if the date has not been changed 
on crossing the meridian of 180°, the name of the longitude 
must not be changed. 


Hxample.—Suppose a ship to leave a New Zealand port, 
the longitude of which is 175° E. on January 3rd, on a voyage 
to the Friendly Islands, (Long. 175° W.). On this voyage the 
ship will not cross the date line, because in this vicinity the 
date line coincides with the meridian of 172° 30’ W.; therefore 
it is not desirable to change the date. On January 7th, at 
about 7* a.m., in estimated longitude 177° W., an observation 
for finding the position of the ship was taken. The G.D. of 
the observation is found as follows :— 


M.T.P. (according to date ee: inship) 195 00™ January 6th. 
Long. (183° E.) - - - ative bee bis) 


G.D. - - - - - - - 6 48 January 6th. 
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CHAPTER XI. 


THE ZENITH DISTANCE AND AZIMUTH AT THE 
| ESTIMATED POSITION. 


90. Connection between a position on the earth 
and a heavenly body.—Having shown how a position of a 
heavenly body on the celestial concave may be found at any 
instant, we have now to find how the body is situated with 
regard to the estimated position of the ship, and to do this we 
have to bring the estimated position into relation with the true 
place of the body by referring the estimated position to the 
celestial concave. 

The zenith of a position on the earth’s surface is the point 
where the normal to the earth’s surface at the position inter- 
sects the celestial concave, Z in Fig. 67. The celestial meridian 
which passes through the zenith is in the same plane as the 
meridian of the position on the earth’s surface. 

Great circles of the celestial concave which pass through 
the zenith are called circles of altitude. 

The connection between a position on the earth and a 
heavenly body, which we require to find, is the connection 
between the two points Z and X on the celestial concave, X 
being the true place of the heavenly body. 

In Fig. 67, P is the celestial pole, Z the roe of the 
estimated position EH, and X the true place of the body 8. The 
spherical triangle PZX formed by the celestial meridian of the 
estimated position (PZ), the celestial meridian of the heavenly 
body (PX) and the circle of altitude (ZX) is called the astro- 
nomical or position triangle. ‘The connection between Z and 
X is known if we can determine the angle PZX and the side 
ZX ; in other words, the bearing and distance of X from Z. 


91. The azimuth.—The azimuth of a heavenly body, at 
any instant at any place, is the angle at the zenith of that place 
between the celestial meridian of the place and the circle of 
altitude which passes through the true place of the body at 
that instant. It is measured from that part of the meridian 
which is on the polar side of the zenith towards East or West 
from 0 to 180°. In Fig. 67 the angle PZX is the azimuth of 
the body S at the estimated position L. 


92. The zenith distance.—The zenith distance (z) of a 
heavenly body, at any instant at any place, is the are of a circle © 
of altitude intercepted between the zenith of the place and the 
true place of the body at that instant. In Fig. 67, ZX is the | 
zenith distance of the body S at the estimated position H. 
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93. The astronomical triangle.—In order to find the 
azimuth and zenith distance we must know three elements of 
the astronomical triangle PZX. 

The side PZ which measures the angle PCH, that is 90°— 
KCQ, is the co-latitude of H, which is obtained as explained in 
Chapter VI. 


Fia.. 67. 


The side PX is the polar distance of the body S, that is 90°-+ 
the declination of the body, and is obtained from the Nautical 
Almanac. 7 

Therefore, PZ and PX being known, if we know the angle 
ZPX three elements of the triangle are known, and any one o 
the others can be found. , 


94. The hour angle.—The hour angle (H) of a heavenly 
body, at any instant at any place, is the angle at the celestial 
pole between the celestial meridian of the place and the celestial 
meridian of the body at that instant. It is measured from the 
celestial meridian of the place Westward from 0 to 24 hours, 
It may also be regarded as the arc of the celestial equator inter- 
cepted between the two celestial meridians. In Fig. 67, ZPX 
is the hour angle of the body S at the estimated position L. 

In Fig. 68, let PZ be the celestial meridian. of the estimated 
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position, PX the celestial meridian of the heavenly body at 
any instant, and M the position of the mean sun on the 
celestial equator; then, since the mean sun revolves at a 
uniform rate, the hour angle of M (ZPM) is the mean solar 
time at that instant at the estimated position (M.T.P.). Similarly 
the hour angle of the mean sun at the position of the ship is 
the mean solar time at the ship (S.M.T.). 

The apparent solar time, at any instant at any place, is the 
ae angle of the sun at that instant at that place (A.T.P, or 

S.A.T.), ZPX in Fig. 68, X being the true place of the sun. 


95. The equation of time.—The equation of time 
(Eq. T.), at any instant at any place, is the difference between 
the apparent solar time and the mean solar time at that instant 
at that place. It is, therefore, the difference between the hour 
angles of the sun and mean sun; that 1s, the angle at the pole 
between the celestial meridians of the sun and mean sun. In 
Fig. 68, the equation of time is the angle XPM, X being the 
true place of the sun. 

The equation of time is tabulated in the Nautical Almanac for 
every day of the year. Since the mean sun is sometimes ahead 
and sometimes behind the sun ! 

DAAC = TS My sige 
or, hourangle of the sun at any place = M.T.P. + Kq. T. 


96. The right ascension of a meridian (or 
sidereal time).—When X is the true place of any heavenly 
body other than the sun, the hour angle 1 is found by reference to 
the first point of Aries. 

The right ascension of the meri- 
dian (R.A.M.), of any place, is the 
are of the celestial equator inter- 
cepted between the first point of 
Aries and the celestial meridian 
of that place, and is measured to 
the Eastward from the first point 
of Ares... In Fig. 68, T Q@ is the 
right ascension of the meridian PZ, 

Now ZP YT (or QY 1) is the hour 
angle of the first point of Aries at 
the place, and is also called the 
sidereal time at that place. Thus 
it will be seen that the sidereal 
time at any place and the right Fic. 68. 
ascension of the meridian of that 
place are identical. 


97. Formula for the hour angle of a heavenly 
body.—Suppose that all points of the celestial concave are 
projected on to the plane of the celestial equator, from a point 
on the line of the earth’s axis which is at an infinite distance 
beyond the North celestial pole ; then in the following figures, T Q 
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represents the celestial equator, PZQ the celestial meridian of 
the estimated position, and PX Viale celestial meridian of the 
body whose true place is X. 

In Fig. 69, XPZ or AQ = hig 1 A. 

Now XPZ or AQ is the hour angle of the body, ¥ Q is the 
right ascension of the meridian of the estimated position, and 
T A is the right ascension of the body. 

Therefore, H=RAM. —R. len 


—P 
i a 
Q 
Fia. 69. Teale 


In Fig. 70, XPZ or AQEHETQLAT. 

Now A T is 24 hours — the right ascension of X. 

Therefore, H = 245 + R.A.M. — R.A. 

Now the right ascension of a heavenly body may be taken 
from the Nautical Almanac, so that we have now to find the 
right ascension of the meridian, and this is done by reference 
to the mean sun. 

In Figs, 71 and 72 let M be the mean sun. 

In Fig. 71, TO = TM + MQ. 

Now YT Q is the right ascension of the micriduen (R.A. M.), 
7’ M is the right ascension of the mean sun (R.A.M.S.), {and 
MQ is the mean time at the estimated position (M.T.P.), ‘and 
may be found from G.M.T. + estimated longitude; therefore 

R.A.M. = R.A.M.S. + M.T.P. 
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In Fig. 72, TQ =MQ—-MYT 3 
— MTP, — (24> — R.AMS.) 
— MTP. +-R.A.M.S.—24}. 


Combining the formule for H and R.A.M. we have 
H = M.T.P. + R.A.M.S, — R.A.% + 24" as necessary. 


In the case of the sun, R.A.M.S. — R.A. is the angle at the 
pole, between the celestial meridians of the mean sun and the 
sun, and is therefore the equation of time; and the formula for 
H{ becomes 

Le NT ee toca 

The right ascension of the mean sun is tabulated in the 

Nautical Almanac for every day of the year. 


98. Correction of the equation of time.—The 
equation of time is given in the Nautical Almanac, on page 1 of 
every month, for G.M. noon; its sense is indicated at the head 
of the column by precepts, ‘““Add to apparent time” or “ Sub- 
tract from apparent time,’ which must be understood also to 
imply respectively subtract from mean time or add to mean 
time. When a change of precept occurs in the course of a 

add to 
subtract from | 
two noon values indicates that the change occurs at some time 
between the two noons. ‘The value of the equation of time at 
any G.M.T., other than noon, is found in a similar way to the 
declination (§ 87a). 


When achange of precept in the equation of time occurs 
during the interval, it is made evident by the fact that the 
correction is greater than the noon value and is subtractive. 


On pages III. to VI. of every month the value of the equation 
of time is given for every even hour of G.M.T., and its value for 
any G.M.T. can be taken out at sight. The note at the bottom 
of the page denotes how the sign, placed against the equation 
of time, is to be interpreted. 


month, the heading and the black line between 


Hxample 1:—Required the equation of time for G.M.T. 
March 20th 1914195 53™. 
The nearest noon is that of March 21st, the interval is 
4°] hours. The variation in 1 hour is ‘75 second. 
By inspection the correction is additive. 
At March 21st Noon, Equation of time 7™ 298°3 — to A.T. 
AWodstcal <a - - - - +3°1 


At G.M.T. required” - - - - 7 32°4—-—to AT. 


From page V. the same result may be estimated. 


Hxample 2:—Required the equation of time for G.M.T. 
April 15th 1914 155 25. 
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The nearest noon is April 16th. The interval is 8°6 hours. 
The variation in 1 hour is ‘61 second. By inspection a change 
of name may occur. 

At April 16th Noon Equation of time - O™ 028°7 — to A.T. 


Subtract 8°6 x ‘61s - a z 2 — 52 
At G.M.T. required - : Ween ete! GOA 


From page IV. the same result may be estimated. 


99. Change in the right ascension of the mean 
sun.—In a mean solar year the mean sun travels through 360°, 
or 24 hours of right ascension, along the celestial equator. 
Therefore, since there are 365°242216 mean solar days in a 


24 

265° 549916 How's 
of right ascension in one mean solar day; that is, through 
0 hrs. 3 mins. 56°6 secs., which is the change in the right ascen- 
sion of the mean sun in a mean solar day. In the Nautical 
Almanac the last column of page I. of every month gives the 
change in the R.A.M.S. for various intervals of mean solar 
time up to 24 hours. 


mean solar year, the mean sun moves through. 


100. Correction of the right ascension of the 
mean sun.—The right ascension of the mean sun is given on 
page |. of every month for G.M. noon. On pages III. to VI. of 
every month the R.A.M.S. is given for every even hour of 
G.M.T. ; its value for any other G.M.T. is found by adding, 
to the value for the preceding even hour, the correction for 
the remaining interval, from the auxiliary table on page I. of 
each month headed “ Add for hours.” 


Hxample 1 :—Required the R.A.M.S. for G.M.T. March 6th 
1914, 10° 42>, 
eiemarch Oth G.M.T. 10" R.A.M.S. =) 22) 55™ 082°4 


Add for 40 minutes - = : a 6°6 
Wodetor 2 minutes - - _ z 3 
At G.M.T. required - - - BL eae ate eve Ma ea 


Hxample 2 :—Required the R.A.M.S. for G.M.T. March 22nd 
1914, 21 36. 
At March 22nd G.M.T. 205 R.A.M.S. - 235 59™ on 8 


Add for 1 hour - - - - - 9-9 
Add for 30 minutes - - - - 4: 8) 
Add for 6 minutes”) - - - - 1°0 


| ZA OO eG 
Subtract - ° - - - - te OLEAN) 


At G.M.T. required - - - = AO 2O00i4-07- 6 


Art. 101. 116 


101. Calculation of the zenith distance and 
azimuth at the estimated position.—In the astronomical 
triangle PZX, Fig. 67, we know PZ, the co-latitude of the 
estimated position, PX, the polar distance of the body, and 
ZPX, the hour angle of the body at the estimated position. 
The zenith distance ZX may be found from the formula :— 

hav ZX = hav (PX ~ PZ) + hav 8, 
where hav @ =sin PZ sin PX hav ZPX. 


If the latitude (Z) and the declination (D) are of the same 
name, PZ =90°—L and PX = 90° — D and the formule 


become :— 
hav z = hav (L ~D) + hav 8@, 
where hav 0 = cos I cos D hav H. 


If the latitude and declination are of different names, 
PZ = 90° — Land PX = 90° + D and the formule become :— 


! hav 2 = hav (LU + D) + hav 8, 
where hav @ = cos L cos D hav H. 


Thus we have : 
hav z= hav (L + D) +hav 6, 
where hav 6 = cos L cos D hav H, ; 


the sign ~ or + being used according as L and D are of the 
same or different names. 


Having found the zenith distance ZX, the angle PZX, which 


is the azimuth, may be found from the formula :— 


hav PZX = cosec PZ cosec ZX Vhay (PX + ZX — PZ) hav (PX—ZX + PZ). 


The following examples show the method of calculating the 
zenith distance and azimuth :——_ 


Hxample 1:—On March 30th 1914 at about 65 20™ p.m. 
(S.M.T. nearly) in estimated position Lat. 21° 10’ N., Long. 
158° 15’ W., a deck watch showed 25 54™ 33% and was slow 
on G.M.T. 2" 03™ 258%. Required the zenith distance and 
‘azimuth of Venus at the estimated position, 


Dec. R.A. Venus. 
S.M.T. 65 20" Mar. 30th TD ANG 15 21™ 37s 
Long. 10 33 (W.) 8°6 1? 28 


G.D. 16 53 Mar. 30th 7 29°2 N. 1 20 14 
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R.A.M.S. 
D.W. 2h 54™ 338 QO» 30™ 445-8 
Slow 2 03 20 Add for 50m 8:2 
= oe 29 29 Sm. de 
4 57 58 —_——- 
Add 12 00 00 0 30 54°38 


G.M.T. 16 57 58 Mar. 30th. 
Long. 10 33 00 (W.) 
MEE. 6-24 58 
R.A.M.S.0 30 54°34 


RAM. 6 55 52:3 
RA 1 20 14— 


Hi. 0 dd 38°33 Lhav 9:°65025 


Lat. 21° 10’ N. Leos 9:96966 
Dec. 7 29°2 N. Leos 9°99629 


(Z—D) 13 40°8 I hav 6 9°61620 


Nat hav @ *4.1325 
Nat hav (Z— D) :01418 
Nat hav ZX "42743 

Boxer 1 81S 3942 


PG - z 81° 39'-2 Leosee 10°00468 
PZ > - 68 50 Lecosee 10:03034 
iO | Ly 12 49:2 
rx 2 - 8&2 30°8 
PX +ZX —PZ 95 20 tL hav 4°86878 
PX—ZX+ PZ 69 41°6 Abhay 4:°75692 


Lhav PZX 9-°66067 
Eek aCe (UO 


Since the hour angle is less than 12 hours, Venus is West 
of the meridian ; therefore the azimuth is N. 85° 09’ W. 


Therefore, at the estimated position, the zenith distance of 
Venus is 81° 39’: 2, and the azimuth N. 85° 09’ W. 


Example 2:—On March 4th 1914 at about 82 20" a.m. 
(S.M.T. nearly), in estimated position Lat. 34°31' N., Long. 127° 
15’ E. a deck watch showed 95 57™ 53* and was slow on 
G.M.T. 15 54™ 31s, Required the zenith distance and azimuth 


of the sun. 
wm 17415 I 
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Dee. Kq. T.. + toA.T. 
S.M,T. . *: - 205 20" Mar. 3rd. 6° 50'°6S. 12. 08*°3 
Long. . - 8 29 (E.) ere 
G.D. = - Jl 51 Mar. 3rd. 
D.W. 9h 57™ 538 
Slow apd 3 1 
G.M.T. 11 52 24 
Long. 8 29 00 (K.) 
Mere 20. *21- 304 
Hg ale) 12 20856 
H. 20° 097515 °7 Sa eis 9- 36680 
Dee. 6°50! - 6 BS ieiecod 9°91591 
Lat. 34 31 N. Leos 9-99690 


(Z+ D) 41 21°6 Lhavy @ 9°27961 


Nat hav 6 -19038 
Nat hav (2+ DD) :12470 
Nat hav 7X -31508 
ZX = (6824477 
ZX : CSL oo7 Leosec 106°03193 
PZ : 5o. 29-0 I cosec 10°08409 
LZX—PZ : 12 48-7 
PX x = 96 50°6 


PX+ZX—PZ 109 39°38 
PZ—ZX4+ PZ 84 01°9 


LI hav 4° 91244 
LI hav 4° 82565 


= 


bol bol 


Lhav PZX 9:°85411 
PAX 115° "25! 


Therefore the sun’s azimuth is N. 115° 25’ E. 
Therefore, at the estimated position, the zenith distance of 
the sun is 68° 17’°7 and the azimuth N. 115° 25’ E. 


102. Azimuth tables and azimuth diagram.— 
When great accuracy is not required, instead of calculating 
the azimuth as in the previous examples, it is customary to 
obtain it by reference to a book of tables or a diagram. Burd- 
wood and Davis’s azimuth tables, and Captain Weir’s azimuth 
diagram, are supplied to all H.M. Ships; the diagram has the 
advantage that the azimuth can be taken off directly and no 
interpolation is necessary, as is usually the case when using the 
tables. 

Directions for using the tables-are given at the beginning 
of the book and those for the diagram are printed on it. 
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CHAPTER XII. 


THE TRUE ZENITH DISTANCE AND 
ASTRONOMICAL POSITION LINE. 


103. The true zenith distance.—We have shown 
how to calculate what the zenith distance and azimuth of a 
heavenly body would have been, had the observer been at the 
estimated position of the ship; now, if an observer obtains 
the zenith distance of the body by observation, comparison of 
these two zenith distances (the calculated and the true) together 
with the azimuth of the body, will provide sufficient data 
for drawing a position line on a chart, as will be explained later. 
We have now to show the connection between the observed alti- 
tude of the body above the sea horizon and the corresponding 
true zenith distance. | 

In Fig. 73, which is on the plane of a circle of altitude, let 
O be the observer’s eye, Z his zenith, and OH the observer's 
horizontal plane. Let S be the centre of a heavenly body 
whose true place is X. 


ig: 


O 
08) 
at 


Kid. fa: 
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The rational horizon is the great circle on the celestial 
concave whose plane passes through the centre of the earth, 
and is parallel to the observer’s horizontal plane, RR’ in 
Hie: 


The true altitude of a heavenly body is the are of a circle of 
altitude intercepted between the true place of the body and the 
rational horizon, Xf? in Fig. 73; or it is the angle at the centre, 
ACR. 


The observer sees the upper edge M of the body S in the 
direction OT’, due to astronomical refraction, and he sees the sea 
horizon in the direction OK, due to terrestrial refraction, so that 
the angle 7'OK is the observed altitude of the point M. 


Now the true zenith distance of the body S is ZX, and this is 
measured by the angle ZCX, which is the complement of XCR, 
that is, the complement of the true altitude; therefore to find’ 
the true zenith distance we require the true altitude XCR. 


Nowe COR T= XCBH. 

SOH + OSC 

(MOH — MOS) + OSC 

= (TOH — TOM) — MOS + OSC 

(TOK — HOK) — TOM — MOS + OSC, 


Now TOK is the observed altitude of the upper edge of the 
body above the sea horizon, HOK is the dip of the sea horizon, 
TOM is the astronomical refraction for the ray OM, MOS is 
called the semi-diameter of the body and OSU is ealled the 
parallax in altitude of the body; therefore we have 


ool tal 


| 


true zenith distance = 90° — [Obs. altitude — dip — refraction 
— semi-diameter + parallax in altitude]. 


Had the lower edge of the body been observed the semi- 
diameter would have been additive to the observed altitude. 


Formule for astronomical refraction, semi-diameter, and 
parallax in altitude will now be given. 


104. Formula for astronomical refraction.—Re- 
fraction, as explained in § 51, is the bending of a ray of light in 
passing obliquely through media of different densities. But 
for the existence of the atmosphere surrounding the earth, a 
ray of light emanating from a point M of a heavenly body S 
(Fig. 74) would proceed in a straight line to the eye of an 
observer O, and he would see it in the direction OM’. The 
atmosphere, however, causes every ray from S to be deflected 
from a straight line to a curve, which is concave to the centre of 
the earth, so that the ray which renders M visible to the 
observer has really pursued the curved track MRQPO. The 
limit of the atmosphere is shown by the outer circle in Fig. 74, 
and the observer sees the point (/ in the direction OZ’ which is 
a tangent to the curve at 0. 
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On account of the great distance of the body, the straight 
line from O to M, OM’, is parallel to MR, and hence the apparent 
altitude of a heavenly body is greater than the true altitude 
by the angle M’O7’, which is called the astronomical refraction 
for that apparent altitude. 


The rays which proceed from a body in the zenith undergo 
no refraction, because they enter the layers of the atmosphere 
perpendicularly. When the body is nos in the zenith, the 
refraction increases as the altitude diminishes, and attains its 
maximum value of about 384’ when the body is on the horizon. 


Pica: 


The astronomical refraction 1s found to vary approximately 
with the cotangent of the altitude, and, for an atmospheric 
pressure of 30 inches of mercury and a temperature of 50° F., is 
given by 
= 58’: 36 cot (a + 47,) 


a 
Ty 


where a is the apparent altitude of the point observed. 


The refraction 7, is called the mean astronomical refraction 
anc is tabulated in Inman’s Tables. 

It is assumed that the refraction varies with the density of 
the air at the earth’s surface, so that, if the pressure of 
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the atmosphere is p inches and the temperature ¢° F., the 
corresponding refraction 7 is given by 


tinny (400, 00\ a jilip 
30 


Tomn 460 + t/ 460+4 
Therefore 
eae 460 + ¢ — 17p 
i Serie a0) ere ee 


200 + t — 10p ae hs 
— 760i 410m aes since p differs very 


little from 30. 


Therefore 
$ t 
Co ay Pp 
yn (ae 
(Oates 
10 ee 
The value of 7, — ris tabulated in Inman’s Tables under 


the heading “ Correction to Mean Refraction ”’ for various values 


t 
of (F- ») and a 


105. Semi-diameter.—In almost all cases of bodies 
which do not appear actually as points, such as the stars, it 
is necessary to observe one or other of their limbs—-a term 
applied to the upper, lower, or any other edge of a circular 
disc; hence almost every observation of a body having a 
sensible disc requires the semi-diameter to be either added to or 
subtracted from it, in order to reduce it to what it would have 
been if the centre had been observed. When the upper and 
lower limbs have both been observed, the mean altitude is 
taken as that of the centre. The upper and lower limbs of a 
heavenly body are denoted by U.L. and L.L. respectively. 
An observed altitude of the sun is denoted by the symbol obs. 
alt. © or obs. alt. © according as the U.L. or L.L. has been 
observed, and the corresponding observed altitudes of the moon 
are denoted by obs. alt. ) or obs. alt. D. 

For the purposes of navigation telescopes of only weak 
magnifying power are used in sextants; consequently it is 
impossible to observe the altitude of a limb of a planet, and 
therefore only the semi-diameters of the sun and moon require 
consideration. 

The semi-diameters (S.D.) of the sun and moon are tabulated 
in the Nautical Almanac for G.M. noon of each day; in either 
case the semi diameter is the angle subtended at the centre of 
the earth by a radius of the body. The semi-diameter of the sun 
requires no correction ; that of the moon, however, on account 
of the moon’s rapid change of distance, changes appreciably 
during the day, and, when “required for any. G.M.T. other than 
noon, should be cor rected ina similar w ay to the declination of 
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the sun (§ 87a). The moon’s semi-diameter requires a further 
correction as will be explained in § 107. 


106. Parallax.—In Fig. 75 the true altitude of the centre 
of the heavenly body S is SCR, where CR is the rational 
horizon. 

Let S’ be the body when it is in the observer's horizontal 


plane, then SCR = SBS’ = SOS’ + OSC. 


Now the angle SOS’ = observed altitude — dip — refrac- 
(Lone ost LOait 


apparent altitude corrected for re- 
fraction. 


| 


The angle OSC is the parallax in altitude of the body S. 
The angle OS’C is called the horizontal parallax of the body. 
Now in the triangle OCS’ ; 


sin O90 =: 29 _ CO _ sin CSO 
oe GOS Coin anr OOS 
esi oU = sin CS’O x ‘sin COS. 


Therefore, since the parallax in altitude and the horizontal 
parallax are both small angles, we have 


Parallax in altitude = horizontal parallax x cos (apparent 
altitude corrected for refraction ). 


The horizontal paral- 
lax of a heavenly body 
depends on the distance 
of the body from the 
centre of the earth ; for 
the stars it is extremely 
minute, and for the sun 
its mean value is 8/''8. 
On account of the small 
distance of the moon 
from the earth, and the 
variation in this dis- 
tance, there is an appre- 
ciable daily change in | 
the horizontal parallax ae eee: 
of the moon ; it is there- eae” 
fore tabulated in the Nautical Almanac for G.M. noon of each 
day, and when required for any G.M.T., other than noon, 
should be corrected. 


he 


The tabulated values are for an observer situated on the 
equator, and the horizontal parallax for any other latitude may 
be found by applying the correction called ‘‘ Reduction of 
horizontal parallax for latitude of place” (given in Inman’s 
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Tables), but the correction is so small that it is of no practical 
importance. 


The parallax in altitude is tabulated in Inman’s Tables for 
the sun, moon, and planets. 


107. Augmentation of the moon’s semi-diameter. 
—When the moon is above the observer’s horizon, as at S in 
Fig. 76, its distance OS, from 
an observer at O, 1s less than 
its distance OS’ when it is 
in the observer’s horizontal 
plane. Since the horizontal 
parallax OS’C 1s small, OS’ 
is nearly equal to CS’, and 
therefore DS’ is less than 
OS’ by nearly the earth’s 
radius. Hence, if two ob- 
servers are situated at O and 
D, one would see the moon, 
when at S’,in the horizontal 
plane, and the other observer 
would see it in the zenith ; 
but, from the observer at O 
the moon will be more distant than it is fromthe observer at D 
by about 4,000 miles, and the diameter would appear to the 
former about 30” less than to the latter. It is evident that at any 
intermediate altitude the 
distance OS is less than OS’, a 
and therefore the moon’s 
diameter at S appears 
greater than the true or 
horizontal diameter at S’ ; 
therefore the diameter at 
S is augmented. This in- 
crease in the moon’s semi- 
diameter is termed the 
augmentation. 


In Fig. 77, S is the 
centre of the moon, whose 
radius is 7; ON and CM 
are tangents to the moon, 
from O and C respectively, 
in the vertical plane of the ? 
observer. Let SCM and Pia. 77. 

SON be denoted by s and 

(s + x) respectively, then « is the augmentation of the moon’s 
semi-diameter. Let the apparent zenith distance of the moon, 
ZOS, be denoted by 90°—a so that a is the apparent altitude, 
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and let the corresponding parallax in altitude OSC be denoted 
by p, then 


i 
Sin ($ + X&) = we 
(s+ @) = Gs 
sins =~ 
CS’ 
Therefore, since s and @ are small angles 


peo ae yor Sait OU cos a 


a SOS 


sin OUS args (a ae p) 
% cos a — cos (a + p) 
es cos (a + p) 


fe = 2S Sin (a -- r) sin 5 sec (a + p). 


_ Let CM’ be a tangent to the moon from C when the moon is 
in the observer's horizontal plane, then 


Ris R 
1/ (bee y Sean iy 
sin OS C = as’ 
where F is the earth’s radius, 
and Sinyss— ate 
Therefore 
ISIE aaa i 
aa act nearly. ($73) 


Now OS’C is the horizontal parallax of the moon and p is 
the horizontal parallax x cos a, therefore 


13 


p= 4 scosa; 
re) 


therefore the augmentation of the moon's semi-diameter is 
given by 
p 


2 = 2s sin (a + ) sin : sec (a + p), 
11 
where p = ey CAO 


The augmentation of the moon’s semi-diameter is given in 
Inman’s Tables for various apparent altitudes and semi- 
diameters. 

The great distances of the other heavenly bodies renders any 
augmentation of their semi-diameters too minute a quantity to 
be considered. 


108. Examples of the correction of altitudes.— 
Example 1:—On March Ist, the obs. alt. © was 20° 18’ 30” ; 


height of eye (H.E.), 50 feet; LE., —1' 20’. Required the 
sun’s true altitude. 
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Obs. Alt. sun’s L.L,- 20° 18’ 30” 


Wes - —l 20 
Brel 10 
Dip - - —6 58 
202510 12 
Refraction —2 37 
PADD ei kFN tpt 
SDs - +16. 10 
20 1 coho 
Parallax ~ - +8 


True Alt. - 20 28 53 


For a given height of eye and altitude of the sun, the dip, 
refraction, and parallax remain the same, while the semi-diameter 
varies by a small amount during the year from its mean value, 
16’. For this reason a total correction in minutes of are for dip, 
refraction, parallax, and semi-diameter is tabulated in Inman’s 
Tables with arguments, height of eye, and observed altitude of 
the L.L.; a supplementary table gives a small correction for 
the variation of the semi-diameter. Except when very great 
accuracy is desired, observed altitudes should be corrected by 
means of this total correction, which should be applhed as 
shown below. 


Obs. Alt. sun’s L.L.- 20° 18’ 30” 
I.E. . - - —l 20 


Total Corr. +-6°7 
True Alt..- -20.. 2379 


When the upper limb of the sun has been observed the same 
table may be used, but twice the sun’s semi-diameter should be 
subtracted from the result. 


Example 2:—The observed altitude of Aldebaran was 18° 20° 
40" ; height of eye, 50 feet; L.E.,.-+ 1’ 30". ‘Required the true 
altitude of Aldebaran :— Mat 


Obs. Alt. star - pele cmAly eho 
LE. 4 = Z +] - 30 
1b te AE 
Dip - a é . was 
| i ee Ree BY 
Refraction s a ERD. 16s 


True Alt. - mm om 
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A total correction (in minutes of arc) to a star's altitude is 
tabulated in Inman’s Tables, and is applied as follows :— 


Obs. Alt. star - Peale aU te 
bee . “ “ +1 30 
Lee? 
Total correction 2 —9°9 
True altitude - LOY ye oe 


As it is never required to work observations of the moon to 
avery great degree of accuracy, the observed altitude of the 
moon should always be corrected by means of the total 
correction. 


‘Heample 3:—March 11th 1914, the observed alt. of the 
moons U.L. was 35°13’ 20"; height of eye, 50 feet; LE., 
—1' 10”. Required the true altitude of the moon, the G.D. 
being 10 hrs. | 


Horizontal parallax - 60’ 56” Semi-diameter - 16’ 38” 
Correction Sete e +11. Correction c So 
61 O07 16 41 
Augmentation - +11 
Te 52 
Oper Adie moen s. Us. w= oo ae 207 
LE. : : 2 - ae oD) 
OMe 
Total correction = - - —8°3 
ae ae! 
Semi-diameter : : 16" 9 
34 47-0 
Parallax in alt. for 61’ - +50°1 
9 99 oF] 29 fy = + ; 1 
True altitude - - of cd see fee 


109. The geographical position of a heavenly 
body.—1'o understand the theory of the position line, as obtained 
from the observed altitude of a heavenly body and the G.M.'., 
it is necessary to understand what is meant by the geographical 
position of a heavenly body. 


If a: straight line is drawn from the centre of a heavenly 
body perpendicular to the earth’s surface, the point where this 
line intersects the surface is the geographical position of the 

a de inet. aie 
body. In Fig. 78, U is the geographical position of the body S, 
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We will now show how 
the latitude and longitude of 
this point may be found. 


(a) To find the latitude :— 

In Fig. 78 let S be the 
centre of a heavenly body 
and U the geographical posi- 
tion, and Jet SU intersect the 
plane of the earth’s equator 
in K; then the angle UKQ is 
the latitude of U. 

Join CU, the centre of the 
earth, to S. Then 

UKO = OCS + SK. Wren 0 


On account of the great distances of the heavenly bodies, the 
angle CSK is inappreciable ; therefore, since YCS is the de- 
clination of the body (§ 78), we have 

Latitude of geographical position = declination of body. 

(b) To find the longitude : ~ 

In Fig. 79, let P’G and PZ be the meridian and the celestial 

meridian of Greenwich respectively, Z being the zenith of 
Pp 
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Greenwich. Let PZ’ be the celestial meridian of the body $ 
Z' being the zenith of the geographical position of S, ona U7. 
Let P'U be the meridian of U. Let PY be the celestial meridian 
of the first point of Aries, then 
West longitude of U=GP’U =ZPZ'’=TPZ—TPZ’ 
=R.A.M. Greenwich — R.A.*& 
=R.A.M.S.+G.M.T. —R.A.% 
When the body considered is the sun, the difference between 
R.A.M.S. and the R.A. of the sun is the equation of time, and 
in this case we have 


West longitude of U=G.M.T.+Kq. T.=G.A.T. 
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When it is found that the West longitude of U exceeds 12 
hours (180°) it must be subtracted from 24 hours (360°), and 
the result is the Kast longitude of U. 


110. The true bearing of the geographical posi- 
tion.—If we neglect the spheroidal form of the earth, the 
azimuth of a heavenly body is clearly the same as the angle at 
the place between the meridian of the place and the great 
eirele which joins the place to the geographical position of 
the body; in other words, the true bearing of the geogra- 
phical position of a heavenly body is the same as the azimuth 
of the heavenly body. 


P 


HiGHsd: 


111. The circle of position.—In Fig. 80, let X be the 
true place of a heavenly body and U its geographical position. 
Let z be the true zenith distance of the body, as obtained from 
an observed altitude. 

Let Z4,Z,Z, etc. be a small circle of the celestial concave 
whose centre is X and whose radius is z3 then the observer's 
zenith must lie somewhere on the circumference of this circle. 

Let O,, 0,, 03, etc. be the geographical positions of Z,, Z,, 73, 
etc. respectively ; then the observer is somewhere on a curve 
0,0,0, ete. of the earth’s surface, such that every point of 
the curve has its zenith on the circle Z7,Z,Z, etc. This curve 
is very nearly a circle, whose centre is the geographical position 
of the body, and whose radius is the true zenith distance 
expressed in nautical miles, and it is called a circle of position. 
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From this we see that the information derived from obser- 
vations of the altitude of a heavenly body, and the time shown 
by the deck watch at the same instant, is :— 


(a) The observer is situated somewhere on the circumference 
of a circle whose radius is the true zenith distance of 
the body expressed in nautical miles; this distance is 
obtained from the observed altitude. - 

(b) The centre of the circle is the geographical position of 
the body at the G.M.T. of the observation ; its position 
is obtained from the time shown by the deck watch 
and the Nautical Almanac. 


A circle of position when represented on the Mercator’s 
chart becomes a curve, aud takes one of three forms according 
as the circle of position lies between the poles, passes through 
a pole, or encloses a pole. 


120 140° 160 180 160° 140° 120° 100° 80° 60° 40° O° 20°. 40° 60% SOL IOOT Om A Ge 
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Fic. 82, 


In Fig. 82 the curves, marked 1, 2, 3 are the representations 
of the corresponding circles of position marked 1, 2, 3.in Fig. 81. 


131 Art. 112. 


When. the zenith distance is extremely small, the oval type 
of curve becomes approximately a circle on the Mercator’s chart 
but it should be noted that the centre of this circle is not the 
geographical position of the body, except in low latitudes. 


112. The astronomical position line.—In practice it 
1s only necessary to consider a small portion of the circle of 
position in the neighbourhood of the estimated position. 

In Fig. 83, let H be the estimated position of the ship, and 
U the geographical position of the heavenly body observed, 
whose true place is X. 

Let the great circle arc HU, produced if necessary, intersect 
the circle of position JY in J, then HJ is called the intercept. 

The small are of the circle of position which contains J is 
the position line, and is at right angles to HJ, so that, if we 
know the magnitude and direction of HJ, the position line is 
determined with regard to LH. 

Let Z and Z’ be the zeniths of H and J respectively; then, 
if the earth is assumed to be a sphere, the lines ZH, Z'J, and 
XU intersect at C, 
the centre of the 
earth. The error 
involved in this 
assumption is ex- 
tremely minute and 
of no importance. 

We have 
EJ = HhU~JU 

= HOU ~JCU 

IAL X 

Now ZX is the 
zenith distance of 
the body at the 
estimated position 
at the instant of 
the observation, as 
calculated in the 
, manner explained 
peel, and Z'X 
is the true zenith 
distance as found s/ - 
from the observed Via. 88. 
altitude. 


.. Intercept = calculated zenith distance ~ true zenith distance. 


Again, the direction of HJ is the same as that of ZX, or in 
the opposite direction, according as the true zenith distance is 
less or greater than the calculated zenith distance ; in other 
words, the direction of the intercept, as regards the estimated 
position H, is the same as the azimuth of the body at the 
estimated position or in the opposite direction, ‘‘ towards”’ or 
“away,” according as the true zenith distance is less or greater 
than the calculated zenith distance. 
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Now the intercept is a small arc of a great circle, and is, 
therefore, practically coincident with the rhumb line drawn 
through the estimated position in the direction of, or opposite to, 
the azimuth of the body. The position line, being the small arc of 
the circle of position in the vicinity of J, provided the zenith 
distance is not-very small, may also be regarded as coincident 
with a rhumb line, and lies at right angles to the azimuth of © 
the body. 

Since angles on the earth’s surface are correctly represented 
on the Mercator’s chart, it follows that, when the intercept and 
azimuth have been obtained, the point J may be found by 
laying off, from the estimated position, a course and distance 
Re cencn dns to the direction and magnitude of the intercept 
(§ 40). The position line may then be drawn through J 
per pendicular to the intercept HJ. 

s The point J may also be found by aid of the traverse ae 
(S 41). 

The following example shows the method of determining a 
position line from the observed altitude of the sun’s lower 
limb, by plotting, and also by aid of the traverse table :— 


Haample:—On March 7th, 1914, about 9 a.m. (S.M.T. 
nearly), in estimated position Lat. 20° 15! N., Long; 160737 
when the deck watch was slow on G.M.T. 2h 17m Pool bie 
LE.,+1' 30; H.E., 50 ft., the following observation was 
taken :— 


D.W. 8) 02™ 36s Obs. Alt. © 36° 35’ 10” 
S.M.T. 215 00” Mar. 6th. Obs. Alt. © 36° 35’ 10” Dee. 5° 42/:7S. 
Long. 10 42 3865 (E.) + LE +1 30 Hq. T.11°29'+toA.T. 
362 362% 
GD. 1017 Mar. 6th. Corr. +8:°0 
6 44°7 
D.W. 8 02” 36 Wines -=dbouloee 
Slow ne 0 Ng Lar —_—_—_— 


G.M.T.10 20 03 
Long. 10 42 36 (EB) 


MT: Pali 02 439 


Hq.T. —11 29 

HH. 20 51 10 L. hav 9:20502 
Beats 20 °c Lo IN Lcos 9:97229 
Dec. o 42°78, Leos 9:99784 
(LZ+4D) 25 57-7 L hav 6 9-17515 


Nat. hav 6 -14968 
Nat. hav (2+ D) ‘05046 


Nat. hav z 90014 Cale. z 53° 097 


= JTrue 2~-535oee 


Intercept 6°3 away. 
PU MPREREL TER SESE 
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From the azimuth tables the sun’s azimuth is N. 114° E. 


True Meridiar# 


Fig. 84. 


Fig. 84 shows the position line obtained from this observa- 
tion. The point J, through which the position line is drawn, 
may be plotted directly on the chart by laying off a line 
N. 66° W. (true), 6°3 miles from the estimated position L. 

The point J may also be found by aid of the traverse table: 


as follows :--- 
Estimated 
position Lat. 20° 15’ N. Long. 160° 39! E. 
N. 66° W. 
6':°3 d Lat. 2°6 N. Dep. 5'°8 W. d Long. 6-1 W.. 
4 ee feedsat, -20°17-6N. Long. 160 32:9 EL. 


The position line is now drawn in a direction ee 
(true) through the position of J thus found. 


113. The most probable position from a single 
observation.—The error of the estimated position is always 
known within certain limits. If it be assumed that the 
estimated position is not in error by more than mn miles, in 
Fig. 85, let # be the estimated position and let a circle with 
centre 7, and radius n miles, intersect the circle of position at 
A and B; then, since the ship’s. 

Milos within’ the « cir- Geb 
cumference of this. circle and jf 
on the arc AB, it must lie 
between the points A and B; 
therefore the best point to as- 
sume as the position of the 
ship is J, which is the mean 
of all the positions which 


she might occupy, because “ 
it is the middle point of AB. ae : 
Thee eRe eee 
Fie. 85. 
u 7415 ‘ 
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114. The. value -of .a. single -position -line.— The 
information obtained from an observation of a heavenly body 
is that the ship is situated somewhere on the resulting position 
line. In the vicinity of land this information is often very 
valuable, for if the position line, when produced, intersects the 
land, its direction indicates the course to steer in order to 
reach the point of intersection ; whereas, if it passes clear of 
land and all dangers, its direction indicates a safe course to 
steer. 

Again, if an observation is taken of a body which is on one 
beam or the other, the resulting position line indicates whether 
the ship is on her intended track or to starboard or port of it ; 
and, similarly, if an observation is taken of a body which is 
either ahead or astern, or nearly so, the resulting position 
line indicates whether the ship is ahead or astern of her 
reckoning. 

The following examples illustrate the value of a single 
position line :— | er 

Example 1:—A shipis bound to Plymouth and when in-esti- 
«mated position Lat. 47° 56’ N., Long. 6°37' W., it is found 
from an observation of a heavenly body, whose true bearing 
as S. 56° E., that the intercept is 7’ towards. The resulting 

“position line AB, Fig. 86, is plotted on the chart, and, 

“when produced in the direction N. 34° E. (true), is seen to 

pass 25 miles off Ushant and 5 miles off the Eddystone 

“to the Eastward. Therefore, wherever the ship may be 

on the position line, a course to make good N, 34° K. (true) 

may be steered. 

Hxample 2:—A ship is ‘steaming 8. 23° E. (true) and when 
in estimated position Lat. 50° 43’ N., Long. 6° 23’ W., 
it is found from an observation of a heavenly body, whose 
‘true bearing is 8. 80° W., that the intercept is 3° away. 
‘The resulting position line AB, Fig. 86, is plotted on the 
chart, and, when produced in the direction S. 10° E. (true), 
is seen to pass through the Seven Stones. It is desired to 
pass between the Seven Stones and the Wolf Rock and at 
a distance of 6 miles from the former. 

Draw a line CD parallel to AB and‘at a distance of 6'miles 
from the Seven Stones. Lay off from J a line in the direction 
S, 23° KE. (true), intersecting CD in C;. then JC is found to be 
97 miles. Therefore, if the ship steers so as to make good 
Q 923° BE. (true), 27 miles, and then alters course so as to 
make good 8. 10° E. (true), her track will then be along the 


line CD, 
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CHAPTER XIII. 
POSITION BY ASTRONOMICAL POSITION LINES. 


115. Position from two or more observations.— 
The position of a ship is found from the intersection of two 
or more position lines. It is important to obtain the position 
from two or more simultaneous or nearly simultaneous obser- 
vations, in order that the accuracy of the position may not be 
dependent on that of the reckoning, and this is particularly the 
case in a man-of-war, where there is always the possibility of 
the ship being engaged in manceuvres or other exercises which: 
may complicate the keeping of the reckoning between two 
observations. 


The best time for taking observations is at morning or 
evening twilight, when the stars and planets are just visible and 
the horizon is usually very clearly defined ; it should, therefore, be 
made a rule that, whenever the ship’s position is not accurately 
known, observations of two or more stars or planets should be 
taken at morning and evening twilight. When selecting 
heavenly bodies to observe, it should be remembered that the 
accuracy of the position depends largely on the angle at which 
the position lines cut one another; this angle is the same as 
the difference of the azimuths of the bodies, so that bodies 
should be selected the difference of whose azimuths is as_near 
a right angle as possible, and never less than 30°. 


When the intercepts have been found for two observations, 
the position of the ship, which is at the intersection of the 
two corresponding position lines, may be found by plotting 
or by calculation. When the chart is on a sufficiently large 
scale the method by plotting on the chart has the advantage 
that the position of the ship with regard to the land is immedi- 
ately known. 


When the chart is on too small a scale, the position lines 
may be plotted either on the diagram supphed for the purpose 
or on squared paper. The diagram consists of a mounted sheet 
on which are drawn meridians and a large compass graduated 
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in degrees. At the side is a scale of differences of meridional 
parts corresponding to the scale of longitude of the plan. 

When finding the position by plotting on squared paper, the 
relation between departure and difference of longitude should 
be carefully borne in mind. 


116. Examples of finding position by plotting 
and by calculation.—The method of finding the position by 
plotting the position lines will be understood from the following 
examples. In examples (1) and (3) the position lines are plotted 
on a chart, and in example (1) on squared paper. 

It is sometimes convenient to find the position by calcula- 
tion; in this case the traverse table 1s employed as shown in 
examples (2) and (8). 

The order in which the work is arranged in the following 
_ examples should be carefully noted. It will be seen that there 
are two distinct arrangements, that shown in example (1) being 
appheable to simultaneous observations when it is intended to 
plot the position lines; that shown in examples (2) and (3) 
being applicable to successive observations, and also to simul- 
taneous observations, when it is intended to find the position by 
calculation instead of plotting. It is of the utmost importance 
that observations should be worked out in a systematic manner, 
because the chance of making mistakes is very much mini- 
mised by following set methods. 


Hxample (1) :—Position by plotting (a) on chart, (b) on 
squared paper. Simultaneous observations. 


On April 27th, 1914, at about 75 30™ p.m. (S.M.T. nearly) 
in estimated position Lat. 49° 55’ N., Long. 7° 15’ W., the deck 
matenewas slow on G.M.T. 2» 29™ 34s) LE., +1’ 30”: -H.Es 
AO ft. | 

The following observations were taken to determine the 
position of the ship :-— 


Deck watch 5 28™ 048 Obs. alt. Procyon 387° 28’ 30” 
: - 5 29 dl 3 on Capelans 4-4 - 51.20 


See f= 30" 8=6April 27th. 
Long. 29 (W.) 


———_—_——. 


G.D. 7 59 April 27th. 
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Procyon. 
Obs. alt. 37° 28/ 30” Obs. alt. 
LE. + J 30 LE. 
37 30°0 
Cor. pie Cor. 
87 22-6 
True z 52 37-4 True z 
Dee: 5° 26'27' N. Dee. 
R.A. 7° 34™ 49° R.A. 
D.W. 5h 28m 04s AY. 
Slow 2-29 BA Slow 
GMT “57° 38 G.M.T. 
Long. 29 00 (W.) Long. 
M.T.P 7 28 38 M.T.P. 
R.A.M.S. 2 19 29°7 + R.A.M.S 
For 1> + 9-9 Cor. fo For 1» 
50™ de, GS pn hes 50" 
9 : gp: 33 
BS pw licodey ay 1g Je 9 
R.A.M. 9 48 17°1 R.A.M. 
R.A. 7 34 49 R.A 
Jab 213 28-1 Lhav 8:91602 GZ. 
Lat. 49°55’ NN. Dcos 9°80882- Lat. 
Dec 5 26°7 N. Leos 9:998038° Dec. 
(L—D) 44 28°38 Lhavé8+72287 (L—D) 
Nat. hav 6 °05283 
Nat. hav (Z—D)- 14820 
Nat. hav z -19603 
Cale. z HO goo OD Cale. z 
True .z Sas YE True z 
Intercept 3°9 away. Intercept. 
Azimuth from Tables N. 136° W. 


Capella. 
44° 51! 20” 
+13 


45 14°4 


45°55! N. 
55107 215 


529m 51s 
2.29 34 


4 39 58:3 L hav 951688 


49° 55'N.- L cos 9°8088% 
Ak SéNevlaleeds GaQaenean 


400 LD havé 9-16812 
Nat. hav 6 °14727 
Nat. hav (L—D) «00122 
Nat. hav z - 14849 

45° 19/8 


45 14:4: 


5'4 towards. 


Azimuth from Tables N. 67° W. 
se 


The position lines are now drawn on the chart as shown in 
Vig. 87, or on squared paper as shown in Fig. 88. 
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Hxeample (2) :-—Position by calculation. Simultaneous ob- 
servations. 


On March 17th, 1914, at about 75 25™ a.m. (S.M.T. nearly), 
in estimated position Lat. 36° 50’ N., Long. 140° 03’ W., the 
Meck watch was slow on G:M.T. 5° 207 15%. LE.,+1' 30”. 
H.E., 40 ft. 

The following observations were taken to determine the 
position of the ship : 


Deck watch 11°25™11'°5 Obs alte 142 L700" 
- fee 1 27.38 Obs. alt. ) 16 23 00 

S.M.T. 19*25™ Mar. 16th Obs. alt. © 14°17’ 00" Dec. 1° 29'°5 8. 

Long. 9 20 12* (W). Lis: +1 30 
Se ee Eq. T.8"365°8 + to A.T. 
28 45 14 18:5 
24 00 Cor. +6°3 

GD. 445 Mar. 17th 14 24°8 


True z 75 35-9 
D.W. 11525™7115°5 
Slow 520. 15 
16 45 26°5 
12 00 00 


G.M.T, 4 45 26°5 
dongs 9)20°12 (W). 


M.T.P. 19 25 14°5 
Eq. T. —8 36°8 


H. 1916 37°7 Lhav 9°52624 


Lat. 36°50’! N. Leos  9:90330 
Dec. m9 > 3S. Leos 9:99985 
(LZ + D)38 19°5 L hav 6 9°42939 

Nat hav 6 ‘26878 


Nat hav (Z-+ D) °10775 


Nat hav 2 -37653 Cale. z 75° 42!-2 
7 eee Tiere tor Sue? 


Intercept - . - 7 towards 


Azimuth from Tables N. 103° E. (S. 77° E.) 


Estimated position - Lat. 36° 50! N. Long. 140° 03’ W. 
Intercept S. 77° E. 7’ d Lat. 168s Depo ssa deliong. 8°5 E. 
J - . - - Lat. 36 48°4N. Long. 139 54°5 W. 


The latitude and longitude of J is now used as the latitude 
and longitude of the estimated position (§ 113). 


Art. 116. 142 
DEW, erre AAD 27 B88 Obs. alt. C 16° 23! 00" RiA) «LGtnedreazo* 
Slow 5 20 15 OBS oe cele s0 +2 08 
16 47 58 16 24°5 16) SO eR8 
12 .00 00 CoE iis — 9°4 —— 
G.M.T. 4 47 53 Mar. 17th Ise t bw ad Dec. 27° 25'°6 8. 
24 00 00 S.D. - —16:°0 + 3°8 
28: 47 53 Dao dk 27 294. 6 
Long. 9.19 38(W.) © Par. + 55°8 — 
+ 05 ° (9254S ame 
Wie eel 9 228 Gels a —3 
DeARM SS. 25-057 soles 16 55°4 a 
For 40™ + 6°6 aoe 15 58 
ieee ee True z 73 04°6 Aug. +5 
43 05 54-2 S.D. 16 03 
24 00 00 : . 
Hor. par. 98 41 
RicAgM aod 9 05 42 — 10 
R.A LORRoemoee 
75% 58 3l 
as - 2-26. 2692-""7 Tay -8° 99403 ey oT. 
Lat. - 36° 48'°4N, I cos 9° 90344. 
Dec. - 27, 29°48, I cos 9° 94796 
(1+ D) 64 17°8 Thay @ 8°84543 
Nat hav 6 ‘07006 


Nat hav (Z + D) °28317 


Cale. ¢ 72°DaeF 
Truez 73 04:6 


Nat hav z \BD020 


Intercept - -8'9 away 


Azimuth from Tables N. 146° W. (8. 34° W.) 


Fie. 89. 
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The position lines should now be sketched as shown in 
Fig. 89, where OJ is the first position line, J.J’ the second 
intercept, and OJ’ the second position line. The position of O 
can be calculated if we know the length and direction of JO. 
Now JO is in the direction of the first position line, N. 13° E. 
aie = J J’ sec OS J’ = 8°9 sec 21°, which 1s found by the 
traverse table 2 a 9°5 miles. Thus, if we apply 9°5 miles in 
a direction N. 13° E. to the latitude and ieee of J, we 
can find the eutade and longitude of 0. 


J Lat. - - - 36° 48'°5 N. Long. 189° 54/°5 W. 
Neto bh, Y:> d Lat. 9:3 .N. Dep. 2’:1 d Long. 2°<'7 ay 
Ship’s position Lat. - 986 57°8N. Long. 139 51:8 W. 


Hxample (3) .:—Position by calculation and by plotting on 
the chart. Successive observations. 


On March 21st, 1914, at about 8" a.u. (S.M.T. nearly), in 
estimated position Lat. 49° 58’°2 N., Long. 7° 31’ W., the deck 
watch was slow on G.M.T. 55 20™15s, LE., + 1’ 30”. H.E., 
AO ft. 


The following observations were taken :— 


Deck watch 35 09™ ‘10s ObsraleeO. 17.29" 500 
Oe UUs 44. 17 34 50 
e100 06 LE heerate ng: 2 x, 

The ship was steaming S. 32° E. (comp.) at 11 knots, and at 


about 112.15" a.m. (S. MT. hes the following observations 
were taken :—— 


Deck watch 65 25™ 48s Ober alin © a0 lo dU. 
pee 2b 1? 39 O09 OO 
fees 39 10 .10 


Required the position of the ship at 11» 15™ a.m. 


3» 09™ 10: 17° 29’ 50” 
3 09 44 V7 as 
8 10 06 Lesa eo 
3 [29 00 3/102 50 


3d 09 40 47 417 
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S.M.T, 20°00" Mar. 20th Obs. alt. © 172 34’ 17” Dec. 0° 02'77 3: 


Long. 30 04° (W.) Lie see oles 
— = Hq. T.7™ 31':9+ to A.T. 
GD. 2030 Mar. 20th. 17°35°8 
<aenenenere Gor, ee PO 
D.W.  3%09™405 17 42:8 


Slow DoOveLo 
— True 3 ai 2eel ie 2 
8 29 55 —_—_— 

12 00 00 


G.M.T. 20 29 55 
Long. 30 04 (W.) 


M.T.P. 19 59 a 
Hq. T. — 7 31°9 


He 19252 19-1 SE have? 42268 


Lat. - 49°58'°°2N. Deos 9°80834 
Dec. - 0 02°78. Lcos 10°00000 


(L+D) 50 00°9 Li hav 6 9: 23102 


Nat hav @ - Pel 7024 
Nat hav (Z + D) :17869 
Nat hav z - - *34883 Cale. zg 72° 24'-7 

eens Troe (2 sb ieee 


Intercept 7 °5 towards. 
Azimuth from Tables N. 112° EH. (8. 68° E.) 


Estimated position Lat. 49° 58’:2 N. Loug: 7°? oF gare 
i (ite ree d Lat. 2°8 &Dep.6':9 d Long. 21053a 
J - - - Lat. 49 55-4. Long. 7 20°2 W. 


Compass course §. 32° E. Run for 3° 15™ at 11 knots is 35/°7 
Dev. from table 4 W. 
Mag. course - 5S. 36 E. 
Var. from chart 183 W. 


True course - 5S. 543 E. 
af - - Lat. 49° 55':4 N, Long. 7° 20'°2 W. 
©. 544° H. 35/:7 d Lat. 20S ia. Depe2o-t dong. 45°0 E, 
Hist. Pos. 11? 15" a.m. 49 34 °-°7N. Long. 6 35°2 W. 
6 25™ 488 Su oe Lae 
Ore20 Pele SH RV!) 
Cue Oache SULLY 
3/ igs east 3/ oT 20 


Se O er ag 09 07 


Iie. 90. 
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5.M.T. 23 15" Mar. 20th Obs. alt. © 39° 09/ 07" Dec. 0° 00'°5 N. 
Long. Posed? CW). I.E. : +1 30 
——Kq. T. 7™ 29°°5 + to A.T, 
eave oo Mar. 20th 39 10°6 
Reve 6". 26" 115 Cor. + 8:6 
piowe-w or 2 61} 
39 19-4 
i 46. 26 
ree 00 O00 True z. 50 40°6 

G.M.T. 23 46 26 
Long. 26 20°8 (W.) 
Meise 20> 05-2 
sae Ei x- af Se AURES | 
Hi. meee 95° 7 * dy hav. 8:°02767 
Lat. - 49° 34°7N. Leos 9°81184 
eee se OPO -5. N. TL cos 10:00000 
(L—D) 49 34:2 Lhav 67°83951 

Nat hav 6 - ‘00691 

Nat hav (2 —D) °17575 

Nat hav z ee BOOr sale ee OU woul es 

———— Truez 50 40 °6 
Intercept - 4-4 away. 


Avimuth from Tables N. 164° F(a. 16° E.) 


HO=E'J' sec OH J’ 
=4'°4 sec 38° 
= 5'*6 (from traverse table). 


Beagles 
Long. 6 31:9 W. 


Long. -6° 35/2: W. 


\ 


146 


¢ 11245™ a.m. i= 
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5. 2N.-Dep.,2.: 1 dibemee 
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Fig. 91 shows the method of finding the position by plotting 
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117) Errorina position dueto error in the observed 
altitudes.—Suppose that we can estimate that the observed 
valtitude is too great or too small by an amount not exceeding 
” minutes, then the true zenith 
distance OT. Fig. 92, 1s too 
small or too great by an amount 
not exceeding » minutes, so 
that the actual zenith distance, 
at the observer, must lie be- 
tween XCB and XCA, JA and 
JB being each equal to » 
nautical miles. Therefore the 
observer's position lies between 
the two circles of position whose 
radii are UB and UA. 

Consequently the observer's 
position on the chart hes between 
two parallel position lines situ- 
ated on either side of the position 
line obtained from the observa- 
tion, and at a distance of n miles 
from it. In Example (1) (§ 116), 
suppose that we assume that <u 
altitudes were each not more 
than 2’ in error, due to uncer- 
tainty in the position of the sea 
horizon or to errors of obser- Pita, 92. 
vation; then, corresponding to 
the altitude of Procyon, the observer's position hes between 
the position lines CD and £G, Fig. 93, and, corresponding 
to the altitude of Capella, his position hes between the position 
lines CF’ and DG. It follows, therefore, that his position lies 
within the parallelogram ODGF. which may be referred to 
as his area of position, and, although Ois the most probable 
position of the ship, if a course has to be shaped to clear a 
danger, consideration should be given to the possibility of the 
ship being situated anywhere within the area of position. For 
example, suppose that it is desired to shape a course up 
Channel to pass at least 5 miles off the Bishop Rock; it will 
be seen that, if the course is shaped from the point G, it will 
have been shaped from the most disadvantageous position 
and is the safest to steer. 

In a case where it is possible to assume that in one altitude 
the error does not exceed m’, and that in the other it does not 
exceed n’, the parallelogram may be constructed in a similar 
manner by drawing the sides at their respective distances (m/ 
and n’) on either side of the position lines obtained from the 
observations. 

- Now the error, to aha an altitude is most liable, is that due 
to the uncertain position of the sea horizon, and Ate may to 


In this case it is probable 


148 
some extent be guarded against by taking observations of four 


heavenly bodies, A, B, C, D, the azimuths of A and B and of C 
and D being approximately opposite. 


PAU seLiled, 


F 2 
sy ind. Fe aed 
Ye aa 
i 
52 aL i Hi 
goh \o0 . 
AL 
ab a ' 
as : 60 
55 va my * 
Bt.oh i > 39 | 
\ so / ol 48 
haar We cit 
IONE. 5 
Lo ( 7 ne 
ssh 
5 a i¢ ~ 
se 48 
ay bad pn 
i 48 
Ly a \ ra 
cae py, S80 
i <er nee. 
H a \ 
3 & oe 
d ene, ee 
canta % 
y ss " 
Pig 7 0 Mihm tad 
4 8 | SCILLY ISLES 2 ay. 
Pea : cc aca ° ¥/ as on? 288 Pe 
f os , £ gye Est!" Pos? , Patet ante 68 A ! (Bmw 
69 66 ae a 7-30 P.M. 2 "55 ee 27 Mies 
(6. . » 65 5 4 62 Boe es 3 
i fgyshlkespk  f.gy 6 € Sie ope (Egy bik opk64 63 i a gray ¥ 58 sg. cash © A hae edt, 
| oF 2 & i € “g fw seh eo age > ss pos saat bd fe Ld va & { Ss aon 05. is 
6s Oy A * lee Z ‘3 CS gee ae o BN Od 
£ gy-e My’ a s 62 a: 60 ! \ 4 0 OS Abe 5 on Fist 2 
ES vee Bee : Pg iy, 36 So, Sn” F 
d By & 64 Dae ama Se LFA ube ere eb 5 Ry nS 
ieee | f.gyed / 6 a 5 ; Uae 98“) Ras ai 
A a Q 46 47 . 


at a central point 


Ip is 


that the four position lines will form a quadrilateral figure, when 


the most probable position of the sh 


within the quadrilateral. 
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When three heavenly bodies are observed, and the position 
lines form a cocked hat, the most probable position of the ship is, 
in the absence of all information, within the triangle at a point 
whose distances from the three sides are proportional to the 
lengths of the sides respectively. 

If it be assumed that the errors in the three observed altitudes 
are equal and in the same direction it is possible to give a geo- 
metrical construction for finding the position of the ship, but 
one can never be certain that the dip of the sea horizon is the 
same in all directions, and therefore it is never safe to assume 
that the error in each position line is the same. If the ship is 
in the vicinity of land, position lines, parallel to the sides of the 
triangle, should be drawn external to the triangle, and at distances 
equal to the maximum estimated error; the course should then 
be shaped by considering the relative position of the land and 
the triangle thus formed. 


118. Error in a position due to uncertainty 
of the error of the deck watch.—In Fig. 94 let O be 
the observer at the intersection of two circles of position. 
Then, if thereis an error | 
in the G.M.T. as found 
from the deck watch, the 
observer, instead of re- 
garding the meridian of 
Greenwich in its true 
position PGP’, regards it 
at some position PG’ P’, 
the angle GPG’ being the 
error inthe G.M.T. The 
consequence of this is 
that, since the error 
affects both observations 
equally, the observer re- 
gards himself as being 
at the intersection of the 
two circles of position 
(shown in broken lines in 
the figure), which are of 
the ag radii as the Fic, 94. 
former but displaced in 
longitude an amount equal to GPG’, which is the error in 
the G.M.T. Thus 0 is moved East or West in longitude by an 
amount equal to the error, and the position lines are moved 
parallel to themselves through the same distance in longitude. 
The direction in which O is moved will be seen from the 
formula for the longitude of the geographical position of a 
heavenly body (§ 109), (W. Long. = R.A.M.S.+ G.M.T. —R.A. &), 
from which it is obvious that, if the G.M.T. is greater than it 
should be, O is too far to the Westward, and if the G.M.'T. is 
smaller than it should be, O is too far to the Eastward. Thus, in 

u 17415 L 
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Fig. 95, if O is the position obtained from the two position 
lines. shown, and there is an unknown error in the observed 
time the maximum value of which is estimated to be +dH, 
the ship will le on the line 

0'0O"" where -O' and O’’ differ cad 

in longitude from O by dH. 

In Example (1) (§ 116) 
suppose that the error in thé 
deck watch was estimated to lie 
between 2' 29” 308 slow and 
2h 29™ 388 slow. The position 
of the ship was calculated using 
an error 2> 29™ 34* slow, and 
was found to be Lat. 50° 2'°8N. 
Long. 7°19’ W. and we see that, 
due to this possibility of error in 
the G.M.T.,the ship’s position hes 
on the are of a parallel of lati- 
tude 50° 2'°8 N. between the 
longitudes 7° 18’ W. and 7° 20’ W. In these circumstances, 
if a course has to be shaped to make the land, it should as 
arule be shaped from the most disadvantageous position on 
the arc of the parallel named, | 
but if shaped from the most pro- 4 
bable position of ship, 0, it AS 
should be borne in mind that 
the actual position of the ship 
may be nearer to the shore than 
the estimated position. 


119. Error in a position 
due to error in the observed 
altitudes and to uncer- 
tainty of the error of the 
deck watch.—It has been 
shown above that if there is an 
error in each of the observed 
altitudes the observer is with- 
in a certain parallelogram ; it 
has also been shown that if 
there is an error in the G.M.T. 
the observer is on a parallel / 
of latitude intersected between 
two particular meridians ; there- 
fore, if these two errors coexist, 
the observer is somewhere 
within an area traced out by : 
moving the parallelogram East Fic, 96. 
and West within the limits of 
longitude above-mentioned, as shown in lig. 96 which refers to 
Example (1) (§ 116). 
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120. Error in a position due to error in the 
reckoning between the observations.—When there is 
an interval of time between the two observations for finding 
a position, we transfer the position line obtained at the 
first observation, parallel to itself, through a distance equal 
to the run of the ship between the two observations ; then, if 
the reckoning in the interval is correct, the ship is on the trans- 
ferred position line at the time of the second observation. In 
Fig. 97, H# is the estimated position at the first observation, 
E’ the estimated position at the second observation, H’ O 
the first position line transferred, so that, if the course and 


Fid. 97. 


distance made good have been correctly estimated, the ship is 
somewhere on the line #0 at the time of the second observation. 

et us assume that it is possible for the reckoning to be in 
error by an amount not exceeding «°/, of the distance run, then 
the transferred position line at the second observation may lie on 
either side of #’ and at a distance from it not exceeding x °/, 
of the distance run. Therefore, if we describe a circle with 


: % AG 
centre H’, and radius —— x run, and draw two tangents to 
100 
this circle parallel to the first position line, the ship must le 
between these tangents. 


L 2 
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Let the second observation, worked out with H’ as estimated 
position, give a position line which intersects the tangents in 
X and Y, then the ship must lie on the line XY intercepted 
between the two tangents. Therefore, unless the reckoning 
between the two observations is absolutely correct, the informa- 
tion from two successive observations is that the ship is 
situated on a terminated portion of the second position line, the 
length of which varies directly as the error in the run and 
inversely as the sine of the angle between the first and second 
position lines. 

In Example (3) (§ 116) let us assume that it is possible 
for the reckoning to be in error by an amount not exceeding 
5 per cent. of the distance run, (35°7 miles), then the radius of 
the circle mentioned above is 1°8 miles. The ship is there- 
fore on the second position line XY, which lies in the direction 
a ra and passes through the point O, the position of which 


We 


has been found to be Lat. 49° 39/°7 N.; Long. 6° 31°" 9 We 
Now XO=OY=1' 8 cosec 52°=2°28 miles. 


Therefore the length of the line XY, somewhere on which 
the ship is situated, is 4°56 miles. 


121. Error in a position due to error in the 
reckoning between the observations, and to the 
error in the observed altitudes.—If, in the last ex- 
ample, there had been a possibility of error in each altitude 
not exceeding 2’, it is necessary to draw lines ST’ and UV 
(Fig. 98) parallel to the tangents and at distances 2 miles 


Vv 
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from them, measured away from the circle, and to draw lines 
SV and TU parallel to and on either side of XY and 2 miles 
from it. The area of position, taking the two errors into 
account, is the parallelogram S7'VU. 


122. Error in a position due to error in the 
reckoning between the observations, to error in 
the observed altitudes, and to uncertainty of the 
error of the deck watch.—lIf, in addition to the possible 
errors in the reckoning and altitude just mentioned (§ 120-121), 
there is a possible error of four seconds in the G.M.T., it 
is obvious that the area of position is the area traced out 
by moving the parallelogram STUV (§ 121) East and West 
through 1’ of longitude. 


143. Particular case of very large eiritdaee —The 
following method of plotting the position lines, although it can 
seldom be applied, brings out the theory of position lines very 
clearly. When in low ‘latitudes an observation is taken of a 
body which is passing nearly overhead, the circle of position 
may be drawn asa circle on the Mercator’s chart; the centre 
of the circle is the geographical position of the body, and the 
radius is the true zenith distance. When two observations are 
taken, two circles of position may be drawn, and the position of 
the ship is at one or other of their points of intersection ; to 
determine which of the points of intersection is the position of 
the ship, the observer should note whether he is North or South 
of the body as it passes his meridian. 

If there isa run of the ship between the two observations, 
as is generally the case, the position line at the first observation 
-must be transferred for the run of the ship; this is done 
by transferring the geographical position at the first observation 
through a distance equal to the run of the ship and in the same 
direction. 

The following example, in which there are three observations 
and consequently three circles of position, shows how the position 
of the ship is found, the circles being drawn on ‘squared paper. 

In Fig. 99, A, B and C are the three geographical positions 
of the sun at the times of the three observations, their latitudes 
and longitudes being found in the manner shown below ; AD 
is the run of the ship between the first and third observations, 
that is N. 60° W. 1/°5; BH is the run of the ship between the 
second and third observations, that-isN.. 60°° We 02-65 >Ehe 
three circles are described with centres DE and.G. 


Hxzample:—On April 28th, 1914, at about 11> 55” a.m. 
(S.M.T. nearly) in estimated position Lat. 14° 30’ N., Long. 
85° 10’ EH, the deck watch was slow on G.M.T. 25 12™ 34s 
LE., + 1’ 30’; H.E., 40 feet. The ship was steaming N. 60° W. 
(true) 18 knots. 

The following observations were taken to determine the 


Art. 123. . 154 


position of the ship, and the observer was North of the body as 
it passed his meridian. 
Deck watch 4% 01™ 40s © 89° 03' 2003 


¥ pe wt 045) 24 Pao eie.. 

e Bee U0 aut ae steveravir 
Dllawok op™.A pre (th. Decelomooge ane 
Long. 5 41(E.) Hig: T2258) 9 to Ava 
Coby Loc ad 14 Apr. 27th. 
D.W. - = 4hQ1™40s 
Slow - 2 12 34 

6 14 14 
12 00 00 


GMT. = 18 14.14 
Hiqe Mee es es On aU 


CMR esa: Stee 

24 00 00 

5 43 2): 1 Geographical tee 13 
Long.of A. 85° 50’... pos.at Ist Obs. | Long, 85 50 sam 


D.W. at Ist Obs. 4" 01™ 40s 
DWoeateOnd Obs. 4 04e-o4 


Interval - - 2 44 = 41'(W.) Dep. 39’°8 (W.). 


DW .at lst Obs: 4 20k 46 
DiWeat 3rd) Obs: 42-06-34 


Interval  - Te oe Wee fie oe ye mae 71 Bre 


Run between Ist and 3rd Obs. 


Nn, 60° w, 18 ae! 9 _ N. 60° W. 1/:47. 


tun between 2nd and 3rd Obs. 
ro Cm cae, oe A ee 
N. 6.0 Wisp ape N60 We 0" 266: 


Obs alt; @i = 5892, 03.007 89°15! 10" |: 283ra ae 
LE. 


— 


- - +1 30 ++ 130 +i oe 
89 04°5 Ome O rT. 88 5953 
Cor. ; mp cris'l SL, + ed 
One IAe7 89 26°4 39. 09°0 


-——— 


True z. (Radii) - 45°8 33°6 51:0 
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Draw a line on the squared paper, Fig. 99, to represent the 
parallel of 13° 53’°9 N., which is the latitude of the three 
geographical positions, and on this line select a point A to 
represent the geographical position at the Ist observation. 

On any convenient scale, 10 miles to the inch in this 
example, plot the geographical positions at the second and third 
observations by means of the departures found above, and mark 
them B and C respectively. 

From A lay off AD, N. 60° W., 1°47 miles, and from B lay 
off BH, N. 60° W., °66 miles. 

With centres D, H, and C describe circles of radii 45’°8, 
33/°6, and 51’ respectively. The intersection of these three 
circles at O is the position of the ship. 

Measure the d Lat. and Dep. between O and A, convert the 
Dep. into d Long. and so find the latitude and longitude of the 
ship. 


Lat. A 13°53'°9 N. Long. A 85° 50’ E. 
d Lat. 33°5.N. Dep. 335 (W.) dLong. 34:4 (W.) 


ee 


Lat. O 14 27-4 N. Long. 0 85 15°6.E. 


124. Position by astronomical and terrestrial posi- 
tion lines.—(1) By combination of an astronomical position 
line and a line of bearing. 

Suppose that a bearing of a terrestrial object is taken at the 
same time as an observation of a heavenly body, then obviously 
the position of the ship is at the intersection of the line of 
bearing and the astronomical position line. The accuracy of 
this position depends on the angle of intersection of the two 
position lines, so that the bearing of the object and the heavenly 
body should be as nearly as possible the same or opposite 
to one another. | 

The position can be obtained from two such observations 
when there is a run in the interval between them, the position 
in this case being obtained as explained above by transferring 
the first position line for the run of the ship. 


(2) By an astronomical position line and a sounding. 


If a sounding is taken at the same time as an observation of 
a heavenly body an approximate position can be obtained, 
provided that the soundings shown on the chart are such that 
the contour line of the depth obtained can be drawn with 
confidence, and that its mean direction makes a good angle 
with the astronomical position line. The depth should be 
verified by two or more soundings, and these should be corrected 
as explained in Part IV. 
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CHAPTER XIV. 


OTHER METHODS OF DETERMINING AN: ASTRO- 
NOMICAL POSITION LINE. 


125. Meridian passages of heavenly bodies.— 
Besides the general method of determining an astronomical 
position line, there are various other methods which have advan- 
tages over the general method in special circumstances, and 
these will be described in this chapter. We will first explain 
the method of obtaining the position line from the altitude of 
a heavenly body when the body is on the observer’s meridian, 
but, before doing so, we must show how to find the observer’s 
mean solar time at which the observation should be taken. 

A body is said to have its upper meridian passage when it 
passes the observer’s celestial meridian, and to have its lower 
meridian passage, sometimes called its meridian passage below 
pole, when it passes the meridian which differs from that of 
the observer by 180°. In this book, whenever meridian passage 
is mentioned, the upper meridian passage is to be understood 
unless otherwise stated. 

(a) The Sun.—The sun passes the meridian of any place 
at apparent noon at that meridian, and has its lower meridian 
passage at apparent midnight. In order to find the time by 
the chronometer or by the ship’s clocks at which the sun 
passes the meridian, we proceed as follows :— 

Example :—Required the time by ship’s clocks on March 3rd, 
1914, at which the sun will pass the meridian of a place in 
longitude 25° 17’ E., the ship’s clocks being set to Eastern 
European time which is 2 hours fast on G.M.T. 


S.A.T. 245 00™ Mar. 2nd. Oye pad bid 2d a soa dB 
Long. 1 41 (E,) 


eee 619 ~~. Mar. 2nd. 


Se 245 00™ 
Tong. 1 41 (©) 


G.A.T. 22 19 
AN : 
feet. 22. 31 
Olock 2 00 fast on Cai! as he 
Mie 3] 
24 00 


QO 31 p.m. Time by ship’s clocks. 


(b) The Stars.—When a star is on the observer's meridian 
the right ascension of the star is equal to the right ascension of 
the meridian, and the latter, by the formula in § 97, is equal 
to R.A.M.S. + §.M.T. 
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R.A. ® (when on the meridian) = R.A.M.S. + S.M.T. or 
Dea AL ke RAMS: 

Now the R.A. of a star may be taken directly from the 
Almanac. The R.A.M.S. should be taken out for G.M. Noon, 
and then with these two elements we can find an approximate 
S.M.T. By applying the longitude in time to this approximate 
S.M.T. we can find the Greenwich date, with which to correct 
the R.A.M.S. and then find a more correct 8.M.T. 

Hxeample.—¥ind the 8.M.T. at which Canopus (a Argus) 
will pass the observer’s meridian (Long. 45° W.) on March 5th, 
1914. 


R.A Gh 99m (3s R.A. Canopus 65 22™ 038 

Add. 24 OV 00 R.A.MLS, « 22@49m 33893 

a Add for 10® Magee oir 

o0eZ2a08 55 eae 4-9 

R.A.M.S. 22,49 33, yee i 

S.M.T. _- 7 32 30. (approx.) — 22 Se ae 

Long. 3 00 00 (W.) ——— ae 
G.D. 10 32 30 Mar. oth. 


R.A.% +245 30h 29m ()3s 


R.A.M.S. Zouol wells i 
S.M.T. 7 30 45°9 


Therefore Canopus will pass the meridian at approximately 
7» 31™ p.m., March 5th. 

Since the right ascensions of the stars are practically constant, 
and the daily increase of the R.A.M.S. (8™ 568) is nearly 
4 minutes per day, it follows that the stars cross the meridian 
of any particular place about 4 minutes earlier every day. 

When a star passes the meridian below pole, its R.A. 
differs by 12 hours from that of the meridian. In Fig. 100, 
since right ascension is measured to the Eastward, 

PZ TP ae sours: 
. RAM. = R.A.X% + 12 hours. 
Therefore, since R.A.M. = R.A.MS. + S.M.T. we have 
S.M.T. = R.A.% + 12 hours — R.A.M.S. 


Fie. 100. 
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Hxample :—Find the 8.M.T. at which Canopus will pass the 
observer's meridian (Longitude 45° W.) below pole on the night 


of March 5th, 1914. 


R.AL.¥€ Gh 99m (23s REA: Canopus Gh 99m 38. 
Add 24 OO 00 R.A.MS. pope t he 335 
i Add for 22 3 36°8 
: 30 22 03 .) ) o0™ 4. ; 9 
RAMS. 22 49 33 | tee aN 
S.M.T. feels ov” Yapprox,) 29°53 15°3 


Add ba, 00 00 


eed) 32 «6-30. (approx.) 
Long. ean00r, 0050Wi) 


do ED. Bees (00 )Mar. 5th. 


RAE 24h 30h 99m (38 
RAMS. 22 53 15 


7 28 48 
Add Pees) 
S.M.T. 192028 48 


Therefore Canopus will pass the meridian below pole at 
approximately 7> 29™ a.m.; March 6th. 

It is sometimes desirable to find what stars pass the 
observer's meridian above and below pole between two given 
times ; in this case we proceed as follows. 

Hxample :—It is required to find what stars of the first 
magnitude pass the meridian of 45° W. on March 11th above, 
and below pole, between the hours of 5" and 65 p.m. (S.M.T.) 


S.M.T. 5» QO™ Mar. 11th S.M.T'. 64 00™ Mar. 11th. 
Long. SeQ0REEW =) Long. 3.00 (W.) 
G.M.T. 8 OO Mar. llth ai bal be 9 00 Mar. 11th. 
Pees, 25 15 RA. MS: 2315 
S.M.T. 5 OO S.M.T. 6 OO 

Par LD 29 15 

24 00 24 00 
R.A.M. es R.A.M. 15 


Therefore, since the R.A. * (when on the meridian) = R.A.M., 
we require the names of all stars of the first magnitude 
whose R.A.s he between the two values of the R.A.M. just 
found. On inspection of the Almanac, they will be found to be 
Aldebaran (a Tauri), Capella (a Aurigee), and Rigel (a Orionis). 
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If 12 hours are added to each of the R.A.M.s, we find the 
R.A. of the meridian below pole at 55 p.m. and at 6° P.M. 
Therefore, all stars of the first magnitude whose R.A.s lie 
between 16" 15™ and 175 15™ pass the meridian below pole 
between 5° p.m. and 6 p.m. It will be found that there is only 
one star of the first magnitude, namely Antares (a Scorpii), 
whose R.A. hes between these limits. 

(c) The Moon.—Owing to the rapid change in the right 
ascension of the moon, it is a lengthy operation to find the time 
of the meridian passage by the method which has been given 
above for the stars, because it is necessary to correct the right 
ascension of the moon several times. or this reason the times 
of the upper and lower meridian passages of the moon are 
tabulated in the Abridged Nautical Almanac, on page II. of every 
month. ‘The times given are the astronomical G.M.T.’s at which 
the moon crosses the meridian of Greenwich, and the meridian 
of 180°. 

When two asterisks are shown, as on March 11th and 26th, 
in the columns headed “ Moon’s Mer. Pass.” it indicates that 
there is no lower or upper meridian passage respectively on 
those days. 

The moon passes the meridian of Greenwich later each day 
by the number of minutes in the column headed “ diff.” 
Since, in the interval between two meridian passages, the 
moon passes over 360° of longitude, it follows that the astro- 
nomical mean time of meridian passage, over any meridian of 
West longitude, is later than that over the meridian of Green- 


wich by ue oe g < diff. - Similarly, the astronomical mean 


time of meridian passage, over any meridian of East longitude, 
is earlier than that over the meridian of Greenwich by 
et a x diff. In West longitude, the “‘ diff.” between the day 
and the following day should be used ; in East es that 


between the day and the preceding day. A table for ee Fe 0° x diff. 


is given in Inman’ s Tables under “Correction of moon’s 
meridian passage.’ 

Hxample :——Find the 8.M.T. of the moon’s meridian passage 
on March 9th, 1914, in longitude 60° E. 

From the Abridged Nautical Almanac the moon’s upper 
meridian passage takes place at 105 15™ on March 9th. The diff. 
between this and the preceding meridian passage is 55 minutes. 
With arguments 60° and 55™, a correction is found in Inman’s 
Tables to be 9™°2 subtractive. 

Mer. Pass. 10° 15™ March 9th 
Correction — 92 : 


Sey ed 10 05°8 March 9th 


or, the moon passes the meridian of 60° E. at S.M.T. 10" 06” p.m., 
March 9th. 


161 Art. 126. 


(d) The Planets.—The time of meridian passage of a planet 
may be found as in the case of a star, but, for convenience, the 
time of meridian passage of each of the four navigational planets 
is tabulated on pages XI. and XII. of the Abridged Nautical 
Almanac for each month. The time given is the astronomical 
G.M.T. of passage over the meridian of Greenwich, which for 
all practicai purposes may be taken as the mean time of passage 
over any other meridian. If the exact S.M.T. is required it can 
be found as in the case of the moon. The difference between 
the times of two consecutive passages is the change while the 
planet passes over 360° of longitude; the correction of the 


(e) 


meridian passage, therefore, is Meee diff. 


If the times of consecutive meridian passages are getting 
later, as an the case of the moon, add for West longitude and 
subtract for Kast longitude ; if the times of meridian passages 
are getting earlier, contrary to the case of the moon, subtract 
for West longitude and add for East longitude. 


126. Position line by meridian altitude.—lIf an 
observer takes the altitude of a heavenly body when on his 
meridian, the observer and the geographical position of the 
body are on the same meridian. 

In Fig. 101, let U be the geographical position of the 
body whose altitude has been observed when the body was 
on the observer's meridian. Let 
AB be the circle of position re- 
sulting from this observation, then, 
as the bearing of the body must 
have been either North or South, 
the position. line must he Hast and 
West through one or other of the 
points Bor A. As the position line 
in this case runs East and West it 
coincides with a parallel of latitude, 
and therefore, from this observation, 
the latitude of the observer is 
determined. 

Let UQ be the declination of the 
body, then if the body crossed the 
meridian North of the observer the latitude of the observer is 
the latitude of B, and therefore 

ae — UB 

= Declination — true zenith distance. 

If the body crossed the meridian South of the observer the 

latitude of the observer is the latitude of A, in which case 
Lat. = UQ + AU 
= Declination + true zenith distance. 

In order to find the latitude from this observation it is advis- 
able to draw a figure, an inspection of which will show at 
once how the latitude is obtained when the meridian zenith 
distance (m.z.d.) and the declination of the body are known. 


Pi 
Rrgrelok: 
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A very convenient figure for this and other problems is 
obtained by supposing the celestial concave to be projected on 
to the plane of the observer’s rational horizon, from a point at 
an infinite distance vertically above the zenith. In this case 
any point of the celestial concave is represented on the plane 
of the rational horizon by the foot of the perpendicular dropped 
from that point. Thus, in Fig. 102, the circle NESW repre- 
sents the rational horizon of a position on the earth whose 
zenith is Z, NZS the celestial meridian, P the elevated celestial 
pole, and WQE the celestial equator. 

If X be the true place of a heavenly body, XX’ is its parallel 
of declination, PXD the celestial 
meridian of the body, XD the N 
declination of the body, PX the 
polar distance, ZPX the hour 
angle, PZX the azimuth, ZX the 
zenith distance, XA the altitude 
of the body, and the triangle 
PZX is the astronomical or 
position triangle. 

The points of the rational 
horizon where it is intersected 
by the celestial meridian of the 
observer are called the North and 
South points. 

The circle of altitude which Fie. 102. 
is at right angles to the celestial 
meridian of the observer is called the prime vertical, WZH, and 
it intersects the horizon in two points called the Kast and West 
points. | 

Casel. Latitude N. Declination N. Azimuth §. 

From Fig. 103 we have 

Lat. = 29 = 4X + XO = m.z.d.4 Dec: 


fre e103: Figs Toe 


Case 2. Latitude N. Declination N. Azimuth N. 
From Fig. 104 we have 


Rates ZO = OX 2 kie= Deck a.a 


/ 
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Case 3. Latitude N. Declination S. 
From Fig. 105 we have 
Lat. = 20 = ZX — OX = m.z.d. — Dec. 
N N 


Ss 
Fie. 105. Fic, 106. 

A body is said to be circumpolar when its parallel of declina- 
tion does not intersect the horizon. In such a case the altitude 
of a body may be observed when on the meridian below pole. 

Case 4. When a body passes the meridian below pole. 

From Fig. 106 we have 

Lat. = ZQ = 90° — PZ = PN= PX + XN = Polar distance + altitude. 

It should be observed that PN is the altitude of the pole, so 
that the altitude of the pole at any place is equal to the latitude 
of that place. 

Hxample (1):—On April 28th, 1914, in estimated position 
epee Long. 84° 13’ H.; LE.,—1' 10”: HE. 504. 

The following observation was taken to determine the 
latitude of the ship :— 

Obs. Meridian altitude sun’s L.L.45° 50°10" (Azimuth North). 
S.A.T. - 24500" Apr. 27th. Obs. alt. © 45° 50’ 10” Dec. - 18° 54’ N. 


Long. - 5 37 (E.) Le 0) ogee 26e to ATT 
iat AS 23 45  49°0 
Hq. T.- — 2 Cor. - 85 LE 
G.D. - 18 21 Apr. 27th. 45 571 
ZX - 44 02:9 
QX - 13 54:0 


7Q -30 8-98. 
a 
W = 
thie crt 
S 


Fig. 107. 


Lat. 30° 08':9 8S. 
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Example (2):—On March 7th, 1914, in estimated position 
Lat, 55°.26’ N., Long. 50° 18’-W.. ;-E., — 1! 107%; Baie 


The following observation was taken to determine the 
latitude of the ship :— 


Obs. Meridian altitude moon’s L.L. 60° 17’ 30” (Azimuth 
South). | 


_~Time of Moon’s 

mer. pass. at 

Greenwich - 85 22™ Mar. 7th. Dee. 

- 60° 17/30" 26-4 ee 


Cor. for Long. +8 Obs. Alt. € 
oes LE. — L103 See 
oe ao ie Shel!) oe 2 
Dong =e 2 pala Wa} 60 16:3 26 13:8 N. 
ae Cor - O60 —— 
G.D. - 11 51 Mar. 7th. 
60 08:7 S.D. 
S.D.2 +1658 15! 4.4," 
+ 8 Cor. 
60 24°8 ———— 
Par. + 28:6 15.52 
ee +15 Aug. 
. 60a oo eee 
ee 16 07 
ZX 29 06°6 _ 
QX 26 13838 
—__— ~AHorvear 
ZQ 55 20°4 eee 
ee + 28 Cor. 
58 06 


Lat. 55° 20':4 N, 


Hxeample (3) :—On March 11th, 1914, in estimated position 
Lat: 54° 15’ N., Long. 45° 08’ W. :-LE., = 1’ 10° eee 


The following observation was taken to determine the 
latitude of the ship: 


Obs. Meridian altitude Betelguese 43° 13’ 30’ (Azimuth 
South). 


165 ALC AT 


Obs. alt. Betelguese 43°13'30" Dec. 7° 23'°6N. 
et LO ampere a 


N 


Cor 


ZX 46 55° 
Gos 7823 


ZQ 54 19°3 
Lat. 54° 19/3 N. 


Bigslov. 
Example (4):—On April 21st, 1914, in estimated position 
ame oN. Long. 19° 14’ W.; LE, — 1°30. HE 50 ft. 
The following observation was taken to determine the 
latitude of the ship :— 
Obs. Meridian altitude Dubhe (below pole) 25° 13’ 30’ 
(Azimuth North). 


Woes luphe.2)-.13' 30” Dece ae 2 627.4257 ON 
idee Peete) 90 O00 
Dal aa) Polar distance Di Aiaek 
Cor. —9°0 Le RET rear 


Pane 2, No” 
fee ott Al) 


TON Ss seaen Opa 
Mateo. 00" 1 N. 


Pras LO 


127. Maximum and minimum altitudes.—If an 
observer is at rest on the earth’s surface, a heavenly body 
appears to rise before it passes the meridian, then to remain at 
rest for a brief interval, and then it appears to fall or “ dip”; 

uw 17415 M 
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the converse takes place when the body passes the meridian 
below pole. The altitude of the body when it appears to be at 
rest (neither rising nor falling) is the meridian altitude of the 
body. 

If the observer is in motion on any course other than Kast 
or West (true) he will be either approaching the body or 
receding from it; if he is approaching the body its altitude 
due to his motion is increasing, and if he is receding from it 
its altitude is decreasing. Now the bedy will appear to be at 
rest when its rate of change of altitude, due to the earth’s 
rotation, is equal and opposite to its rate of change of altitude, 
due to the observer’s motion; therefore, if the observer is 
approaching the body, it will appear to be at rest when its true 
altitude is diminishing, that is after its meridian passage, and 
in the case of a passage below pole before its meridian passage. 
If the observer is receding from the body it will appear to be 
at rest when its true altitude is increasing, that is before its 
meridian passage, and in the case of a passage below pole, after 
its meridian passage. 

The altitudes of a body when, in such circumstances, it 
appears to be at rest above or below ‘pole, are the maximum and 
minimum altitudes respectively. Thus we see that, unless the 
ship is steaming East or West (true), the maximum (or minimum) 
altitude of a body is not the meridian altitude; and, for this 
reason, when it is desired to take the meridian altitude, the time 
of the meridian passage should be worked out beforehand as 
explained above (§ 125), and the altitude observed at that 
time. The fact that this time has to be worked out with the 
estimated longitude causes no appreciable error unless the body 
passes very near the zenith. 

128. Position line by ex-meridian altitude.—lIn 
Vig. 111, let the meridian of the estimated position H cut the 
circle of position in A, then, if the observation had been taken 
when the body was close to the meridian, the latitude of A can 
be simply found, and thus we immediately have the latitude and 
_longitudeof a point through which the position line may be drawn. 


HigaeL ia 


If the maximum or minimum altitude is observed, the time 
should be noted and the position line obtained as explained in 
this article, 
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In Fig. 112, which is on the plane of the horizon, let Z be 
the zenith of A,and X the true place of a heavenly body when 
near the celestial meridian of A. The zenith distance of X, 
ZB, when on the meridian, is less than ZX by a small quantity 
which may be denoted by y, so that, if z is the true zenith dis- 
tance ZX, the meridian zenith distance ZB isz — y = PB — PZ 
= p~e where pis the polar distance of the body, and ¢ the 
co-latitude of the ‘point Ay | 


N 


Fie. 112. 
In the astronomical triangle PZX 
COS 2 — COS p COS & 
cos H = os Vises, 
sin p sin ¢ 
Seyi CO EOS C 
sin p sin ¢ 
Subtracting each side from 1, we have 
eos (p~ ce) — cos(p~e+ y) 
2 hav H = “OPP * ) pane oe J) 
sin p sin & 


Paces Jd - = 


., 2sin p sinc hav H 
= cos (p~¢) — cos (p~c) cosy + sin (p~c) sin y, 
= 2cos(p” ¢)*havy + sin (p~e) sin Y, 


_2sinpsinehavi _ J dai neh Sie 


3. 810-2 wa 
| d sin (p ~ 6) 
Now let 
2 sin p sin ¢ hav H 
sin y, = ——_ Beene 
sin (p ~ ¢) 
and 
sin y, = 2 cot (p~ c) hav y, 


in which (p ~ ¢) may be regarded as equal to z, and yas equal to 
y,; then, since y, and y, are small angles, 


Y= th — Ys } 
) 2 cos L cos D hav H 
get sin (L = D) 


and sin y, = 2 tan (altitude) hav y,, 
the signs ~ or + being used according as L and Dare of the 


same or of different names. 
M 2 
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The values of y, and y, may be found from Inman’s Tables ; 
Ex-Meridian Tables I., II., and IIf. give the value of y, and 
Table IV. gives the value of y,. 


When y has been found it should be added to the true 
altitude ; the meridian altitude thus obtained, when combined 
with the declination in the manner previously explained (§ 126), 
gives the latitude of the point through which the position line 
may be drawn. ‘Therefore the position line is drawn on the 
chart through the point A, whose latitude is the latitude thus 
found and whose longitude is the estimated longitude, and in 
a direction at right angles to the azimuth of the body. 


When the heavenly body is near the meridian below pole 
the formule above are the same except that instead of H we 
have 125 — H. In this case the altitude is decreasing as the 
body approaches the meridian, so that the correction y is 
subtractive from the true altitude. 

The limits within which an observation may be worked by 
the ex-meridian method are defined by the scope of the tables. 
When an observation is taken of a heavenly body which is near 
the meridian, and it is found that it is impossible to work it 
out by means of the ex-merician tables, it should be worked in 
the ordinary manner which has been described in the previous 
chapters. 


Hxeample (1):—On March 2nd, 1914, at about 11 30™ aM. 
(S.M.T. nearly), in estimated position Lat. 49° 17’ N., Long. 
38° 15’ W., the deck watch was slow on G.M.T. 2® 15™ 10s 
Sele 40 ed. Ee 40 tt 

The following observation was taken :—- 

Deck watch, 11" 48™ 538) Obs-alt: 20132" 249 

Required the latitude of the point through which to draw 
the position line. 


S.M.T. 235 30" Mar. 1st. Obs. alt. © 32° 24’ 40” 


Long.- 2 33 (W.) LE. : + 140°. Dee. 97? Bao: 
aes —— HKq.T. 12" 25°:8+4+ toA.T. 
Cp; =, 2 703° Mar. 2nd: BO ae Ge Sy Tabet. eee - 9-890 
Cor. E + 8°6 Tab. LL = - %-909 
D.W. - 11" 48™ 535 True alt.- 32 34:9 7° 799 
owin eeee on ome y os oth Tab: Tie - 43'°3 
—___—— eR ab vee Bp ln 
14 04 08 Mer. alt. - 33. 18-0 
12 00 00 90 00 y - 2 4h 
GMT - 2 04-03 M.Z.D. = DO 42-0 
Long. - 2 33 00(W.) Dec. eh Phe 
Me wero ol Oe Lat. = 49 19-0 N; 
Eq.T. —12 26 = 
Ey A AE ARs yi 


Azimuth from 
Tables -§. 122° ER. 
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Lat. eee 


NN) 
W } E Long, 3B°5'W. Ps 


Aahes 

ida) 

m 
Hie, 113. Braue 


Therefore, the position line is drawn through the point whose 
position is Lat. 49° 19’ N., Long. 38°15’ W. and in a direction 


~ 


hiwera : : 
RHE w.? #8 shown in Fig. 114. 


o) 


Hxample (2) :—On March 28th, 1914, at about 45 20™ a.m. 
(S.M.T. nearly), in estimated position Lat. 56° 51’ N., Long. 
17° 25’ W., the deck watch was slow on G.M.T. 35 47™ 198, 
feome eo) = HVE. 40 ft. 


The following observation was taken :— 


Deck watch 1' 43" 47s, Obs. alt. Capella (below pole) 13°02’ 40”. 


Required the latitude of the point through which to draw 
the position line. 


Lat.56°44'3 me 
Long./7°25'W.J >, 


Eira L1G: 
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S.M.T. 16" 20™ Mar. 27th. 
Long. 1 09 40° (W.) Obs ealt.* = 13202240" 
—_——— L.Hg - Shp 1 Soe 
Geb ocak 7480 Mar. 27th. a5 a 
13 00°8 
D.W. 1) 43™ 4:7s Cor. - Os 
Dlowsub= fo 476 £9 See 
—-—— True.alt. - 12 50°5 
es) MOL) y 2 see Lat 
12 00 00 ——____— 
—_ Mer. alt. - 12,392 
G.M.T. - 17 381 06 Polar dist. 44 05:0 
Long. = 1.709" 40 (W..) —__—_—_—. 
Ue Jeb sas Lat. - 06 44°2 N. 
M.T.P.- 16 21 26 Dee Re a ee eer 
R.A.M.S. 0 18 55:1 + 
For 1 + 9:9 Azimuth - N.53° W. 
y Se + 4:9 from Tables. 
fy Age: barge 
RAS M1 64.0 2036 iL 
ReA wees oe One Lae 
He SLR colar ac | 
12 00 00 
125 — A, . 0 29. 44:9 


R.A 5h 10™ Ae 

Dec. - 45" Sonne 
90 00 

Polar dist. 44 05 

Tab. Ls soe 

Tab. Lay Gee 
Tvl 

Tab. ILE 13 

Tab. IV.— 0:0 

y = 17 oS 


Therefore, the position line is drawn through the point whose 
position is Lat. 56° 44'°3 N., Long. 17° 25’ W., and ina direction 


N. BAL E. 


: 2 yas shown in Fig. 116. 


129. Position line by alti- 
tude of Polaris.——In Fig. 117 
let U be the geographical position 
of Polaris, and PP’ the meridian of 
the estimated position H. Let PP’ 
intersect the circle of position in A, 
then if we can obtain the latitude 
of the poimt A, the position line 
may be drawn at right angles to 
the azimuth of Polaris through the 
point whose latitude is the latitude 
of A, and whose longitude is that 
of the estimated position. 


Bt 
qo ake 
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In Fig. 118 let Z be the zenith of the point A, and X the 
true place of Polaris, whose hour angle is H and whose altitude 
IS a. 

As the polar distance of 
Polaris is now about 70’, and as 
the latitude of the place is the 
altitude at that place of the pole 
(§$ 126), it follows that the 
altitude of this star cannot 
differ from the latitude by more 
than 70’. Therefore, by apply- 
ingasmall correction to the alti- 
tude the latitude of A (Fig. 117) 
may be obtained. 

Since the latitude PN differs 
very little from the altitude, 


we may assume that PN = a—y ate 
where y is the correction to Fie is 
be found. 


In the triangle PZX, 
ya ©% ZX — C08 PZcos PX 
ee ra PF sin PX ) 


therefore 
sin a — sin (a — y) cosp 
- 60s He Sse aimer oF 
cos (a — y) sin p 
therefore 


cos H (cos a cos y sin p+ sin @ sin y sin p) 
= sin a — sin @ COS Y COS [ + COS @ SIN Y COS P.. 


Since y and p are not greater than 70’, we may put 
; pr. yf 
ee -p, coop=—l— j, Sin y = Y, and cos y = 1 — oh 


and we have, neglecting small quantities of the third order, 


ent o) 


cos H (peosa + pysina) = sina—sina ( 4 COSC 


therefore 

y = pcos H + py cos H tana — (2 ot tan a. 
Neglecting terms of the second order on the right-hand side, 
we have, as a first approximation, y = p cos H. 


Substituting this value on the right, we gave 


“ep Cos” =] 


Sree pcos 1.4-*tan a [P cos’ H — 5 


= pcos H — 4p’ sin’ H tan a. 


Therefore, if y and p are expressed in seconds of arc, 
y’ =p" cos H — $ sin 1” (p sin H)* tan a. 
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Now H = R.A.M. — R.A... 


Therefore 
Lat.=a—y ; 
=a—p cos (R.A.M.—R.A.%)+4 sin 1” [p sin (R.A.M. —R.A.%)} tan a. 
The second and third terms on the right are tabulated in the 
Nautical Almanac for constant values of p and R.A.%; Table I. 
gives the value of p cos (R.A.M. — R.A.%) and Table IL the 
value of 4 sin 1” [p sin (R.A.M. — R.A.) tan a. 


Table UI. gives a correction for the change of the declination 
and right ascension during the year, increased by 1’. The 
actual correction is sometimes positive and sometimes negative, 
therefore if 1’ is always subtracted from the altitude the 
numbers given in Table III. are always additive. 

It will be noticed that the elements in the Nautical Almanac 
are tabulated for local sidereal time, but, as explained in § 96, 
this is the same as the right ascension of the meridian. 

The azimuth of Polaris is tabulated in Inman’s Tables for 
various latitudes and right ascensions of the meridian. 


Hxeample:—On March 14th, 1914, at about 65 30™ p.m. 
(S.M.T. nearly), in estimated position Lat. 29° 42’ N., Long. 
126° 30’ E., the deck watch was slow on G.M.T. 55 06™ 47s 
apie real re P is cand w hed ees Os he 

The following observation was taken :— 

Deck watch, 45 57™ 05*:; obs. alt. Polaris, 307 1330 

Required the position line. 


S.M.T. - ‘62 30™ Mar. 14th Obs. alt. ~ SO" tse 
HPO. een 2 O ae loe TBs - +50 
G.D. ee? O4eoNarele 30. OR 
Cor. - - —7'1 
D.W. - 4h 57™ 05s ————— 
Slow = 250) 06. Sy True alt. >. dO gabon 
— Subtract : —1°'0 
10. 2036252 5 ERS. 
12. 200-00 30° 2a 
ee lst cor. - 2 —?27°4 
CMA 22a woe Bieta. 
Long. «G7 20 200M 29. 4a 
Eaadees 2nd cor. - +0°3 
Reve Pe = 6 20 abe 3rd cor. = bly 
PReANES 2223 244042 ae 
ere aes +O'°7 tat - 29 “AG 2 eae 
mae) ae 
24 00 O00 


RAM. - 5 54 35°2 
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From Inman’s Tables the azimuth of Polaris is found to 
be N. 13° W.; therefore the position line is drawn on the 
chart through the point whose position is Lat. 29° 46'°2 N., 
Long. 126’ 30° E., and in a direction a Soe i 

130. Position line by “Longitude by chrono- 
meter ” method.—'This problem 
consists of finding the longitude of 
one of the points where the esti- 
mated parallel of latitude intersects 
the circle of position. 

In Fig. 119. let the parallel 
of latitude AB intersect the circle 
of position in A and B, and let the 
body be West of the observer's 
meridian at the time of observa- 
tion. Then, if we can find the 
longitude of A, the position line 
can be drawn on the chart through 
the point the longitude of which 
has been found, and the latitude of Hien 
which is the estimated latitude used Sy iti 
in the calculation. 

Now longitude = M.T.P.~ G.M.T. 

=[H+RA*®% — R.A.M.S.]~G.M.T., 
or in the case of the sun, 
once hg ls GMT. 

In each case the only unknown quantity on the right-hand 
side of the equation is the hour angle of the body, so that, to 
find the longitude of A, we have first to calculate the hour angle 
of the body. 


In the triangle PZX, Fig. 102— 
hav ZPX=cosec PZ cosec PX \/ hav [ZX +(PX~PZ)] hav [ZX~ (PX~PZ)]. 
Now PZ = 90° — Land PX = 90° + D; therefore 

hay H = sec L sec D hav [z + (L% D)| hav [2 ~ (LF D)], 


the sign + being taken in the usual manner. 


When looking out the hour angle from the haversine table 
it should be borne in mind that, if the body is West of the 
meridian, the hour angle is less than 12 hours, and if East of 
the meridian, the hour angle is greater than 12 hours. 

Having found the hour angle, the longitude of A may be 
obtained from the formula given above. The position line is 
drawn on the chart through the point whose latitude is the 
latitude of the estimated position, and whose longitude is the 
longitude thus found; its direction is at might angles to the 
azimuth of the body. 

Hxample (1): — On March 38rd, 1914, at about 45 30™ 
pM. (S.M.T. nearly) in estimated position Lat. 30° 21’ N., 
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Long. 160° 25’ E., the deck watch was slow on G.M.T. 35 11™ 218. 
LE., + 1° 20”; H.E., 30 ft. The following observations were 


taken :— 


Obs, alt: .0: 18° 27! 30" 


Deck watch 25 33™ 528 
_ emer Ee acu yoy oy. a 
a i DEGAS iw]: 18 12 30 


Required the 


9) 


9) 


9 


longitude of the point through which to 
draw the position line. 


OO tei oe LS? 2a 
2 adi 20 18 18 50 
2 34 41 18:sl2seG 
3/102 54 3/ 58 50 
rae tat! Sees | Be 18, L9S37 
S.M.T. 4*30™. Mar. 3rd. Obs. alt. -©-18°19°37" Dec. 7-0 pee 
Long. 10 41 40° (E.) LE. +1 20 Hq. T.12™175:7+to A.T. 
G.D. 17 48 Mar. 2nd. 18 21:0 
— Cor. +8:0- 
D.W. 2534™18s a 
Slow 3 11 21 True alt. 18 29:0 
5 45 39 True z. TLE Sl 
12 00 00 —emeereers 
G.M.T.17 45 39 
DL 30°21'0 N. LZ. sec 006401 
D 7 07°98. L. see 0° 00337 
(Z+D) 37 28°9 
% 71 31-0 
2a+(Z+D) 108 59:9 43D. hav 4.91069 
z2~(Z+D) 34 02:1 32. hav 4° 46637 
I.hav H 9:44444 HH 4h 1442s 
Kq.T. pha By 2 
M.T.P. 4 26 59°7 
G.M.T. 17 45 39 
Long. 10 41 20-7 (B.) 


»» - (160° 20725: 


Azimuth N. 110° W. 
from Tables. 


Therefore the position line is drawn through the point whose 
position is Lat. 30° 21’ N., Long. 160° 20'°2 E., and it runs 


N Ww 
fd Veto 
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If two observations are taken and two position lines found, 


the position of the ship may be obtained by plotting the 
position lines. 


If the azimuth of the body is 90°, that is, if the body is on 
the prime vertical, the position line runs North and South and 
is coincident with the meridian the longitude of which has 
been obtained from the observation; im such a case it 1s 
obvious that the longitude obtained is the longitude of the 
ship, irrespective of the latitude used in the calculation. 


When the latitude of the ship is known at the time of the 
observation the longitude obtained is the longitude of the 
. ship; therefore when an altitude of a body on the meridian 
can be taken simultaneously, or nearly simultaneously, with 
that of a body whose azimuth is not less than 30°, the position 
of the ship can be immediately obtained from the observations, 
without the necessity of plotting the position lines or having 


recourse to the traverse table; this is illustrated by the 
following example. 


Hxample (2):—On March 28th, 1914, at about 7> 15™ p.m. 
(S.M.T. nearly), in estimated position Lat. 42° 41’ N., Long. 
40° 20’ W., the deck watch was slow on G:M.T. 35 39™ 15s. 
Pee a0. ; H.E.,.45 ft. 


The following observations were taken to determine the 
position of the ship :— 


Obs. meridian altitude Procyon 52° 48’ 30 (Azimuth South). 
Deck watch 6" 16™ 08%. Obs. alt. Regulus (E.) 46° 02’ 00”, 


Me Procyon 52° 48’ 30" Dec. 5° 26'°7 N. 

ei) of) 2 X17 30 ee 
52 47-0 

cor - 2 £ —7°4 


ZX- - - ho 2UhA 
meena t te P0015 26+7 
ZY - . See [gs ree, Bee | 
Latitude memce Manes Tt iN S 


Fie. 120. 
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S.M.T. 7515" Mar. 28th. Obs. alt. Rewe 10403™49"°8 

Long. 2 41 20°(W.) Regulus 46° 02/ 00” ——_—____— 

= LE. — 130 Dee. 1223 

G.D. 956 Mar. 28th. oo a ee 

46 00°5 R.A.M.S.0* 217 328-9 

Cor. - —7°6 For 1 9°9 

D.W. 6516" 08 3s os SZ 

IOWA SO SOLS 45° 52°9 ee °8 

47.M.T. 9 55 23 Truez - 44 07:1 0 21 51°8 

L 42°47" 1 N. DT sec -13436 

D T2232 2EN. L see “O1023 21531751" 


-—————— R.A.% 10 03 49-8 
(G—4D) 30 23-9 

p 44 071 31 35 40°8 
24 00 00 


pe (L—D) 744810 
z—(L—D). 18. 48-2 


Lhav 4°78205 
L hav 4-O7718 RAM. 7 35 40°8 
R.A.M.S. 0 21 51-8 
SM.T. 7 13 49 
GM.T. 9 55 23 
Long. 2 41 34 (W.) 
3 40° 23'°5 W. 


bol bole 


LhavH 9:00382 


Position of ship: Lat. 42° 47'°1 N., Long. 40° 23’°5 W. 


131. Longitude by equal altitudes.—The following 


method of finding the longitude, although not strictly belonging: 


to the theory of position lines, is given on account of the extreme 
brevity of the calculations involved. 


Suppose that the times, shown by the chronometer, when 
a heavenly body has the same altitude before and after its 
meridian passage, are t, and t, respectively ; then, if we neglect 
the motion of the ship and the change in the declination of the 
body, the meridian passage of the body takes place when 


the chronometer shows ee Therefore the G.M.T. of the 


meridian passage is known, and this, compared with the 8.M.T. 
of passage, obtained as shown in § 125, gives the longitude of 
the ship. 


When we take into consideration the motion of the ship and 
the change in the declination of the body, the body may be 
assumed to be at its maximum altitude (§ 127) at the mean of the 
chronometer times, provided that the altitudes are taken within 
30 minutes of the time of the meridian passage. If, therefore, 
we can find the interval between the times of meridian passage 
and maximum altitude, this interval applied to the mean of the 
chronometer times will give the chronometer time of the meri- 
dian passage, and hence, as explained above, the longitude of 
the ship. 


d t Ls » 
a ee Oe 


Let ATt) Pole 


In Fig. 121, let Z be the zenith of the ship and X the true 
place of a heavenly body when at its maximum altitude. 


ieee ae 


Let the velocities of the ship in latitude and longitude be 
v, and V¢ respectively, so that the velocity of Zin a direction 
perpendicular to the meridian is v’ cos 4, where JL is the 
latitude of the ship. 

Let the velocities of X in declination and hour angle be 
V, and Vg respectively. 

When the body is at its maximum altitude, the relative 
velocity of its true place X, along the circle of altitude XZ, is 
zero. Therefore 

Vecoos D sin PXZ — Vy, cos PXZ — vz cos L sn PAX 

ma COs nL Ce) 

Since the angles PXZ and PZX are small, we may put 


See |, and cos PZ X = -- 1. 


Also 
: sin Hf eos L : Tyee sin HacosiL) 
a ee and sinte 4A = eee 
sin 2 gin 2 
forces’) cos L. v, cos Leos D . . 
ee RST F 1, eee = I ste 
sin Z gin z 
a Ee ein eli toy a) 
“sin H = (vit Vo) 


cos L cos D (Vg —Va)’ 

Since X is very near the meridian we may substitute {(l.~ D) 
for z, and since H is a small angle we may write /7* sin 1 * for 
sin H, and the equation becomes 

= 7a 
i= Can. 17 “tan pvatVo cosee 18, 
Var-Vea 

Now let Z’ be the zenith of the ship when the body is on the 

ship’s meridian, and let /7’ be the angle Z'PZ; then, since the 
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body traces out the angle H’ + H at. speed Vy in the same time 
as the ship traces out the angle H’ at speed vg, we have 


Lee 1 ee 
coma 
‘ V@ 
ee Meee 
OH He ee ey 
ui Ve —Ve 


Therefore the interval between the times of the meridian 
passage and the maximum altitude is given in seconds of time 
by 

(v,+ Vyn)Ve cosec LS. 
H'+ H =(tan L~ tan D) * sp ae Y 


—=(tan L~ tan D) Wicrlepralts eee Is. 
(Ee % ss) : 


= (tan L~ tan D) (vz + Vp) Veta a8 eosec Is. 


In the case of the sun, the velocity in longitude 1s approxi- 
mately the same as that of the mean sun, which 1s 900 knots, and 
substituting this value for V; the expression for the interval 
beconies 

15°28 (tan L~tan D) (v;, + Vy) (1 + °002 ve). 

If the latitude and declination are of opposite names the 
first expression within brackets becomes (tan L + tan D). 

If the sun and ship are moving in latitude in the same 
direction—that is, both North or both South—the second 
expression within brackets becomes (Vv, ~ V7). 

If the ship’s course is in an Easterly direction the third 
expression within brackets becomes (1 — *002 v¢). 

The general expression for the interval may therefore be 
written 

15°28 (tan L¥ tan D) (vy, ¢ Vay Ele Va). 

Although the velocities in longitude of the stars and planets 
differ from that of the sun, the difference is so small that the 
formula is still applicable when these bodies are observed. The 
moon should not be used for finding longitude by this method. 

It should be remembered that the maximum altitude occurs 
before or after the meridian passage according as the body and 
ship are parting or closing. The rule for applying the interval 
to the G.M.T. of maximum altitude is ;—mark the interval plus 
when the ship and sun are parting. 

It is important, when employing this method, that the body 
should be moving sufficiently fast in altitude for the times to be 
exactly noted ; this will be the case if the azimuth is not less 
than 20°. 

The height of eye should be the same at both observations, 
and, if possible, the same sextant shades should be used, 
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The value of this method of finding longitude lies in the 
fact that a very brief interval elapses between the observations, 
and consequently the refraction is probably the same at both 
altitudes ; moreover, the error due to error in the reckoning 
- is not so directly involved as when a position line has to be 
transferred for the run of the ship. If a meridian altitude 
or an ex-meridian altitude is observed between the observations 
the position of the ship is obtained. The method is particularly 
valuable in very low latitudes where the sun, when near the 
meridian, is nearly always suitable for observation. | 

The following table has been calculated to give the value 
of 15°28 tan x where « varies from 0° to 46° 51’. 


TABLE TO FACILITATE FINDING LONGITUDE FROM HQuaL ALTITUDES. 


+ ia Sag |g Mae sa oe Ort) cy Lor DE 
0° 00’ | O-Of 15° Ol! 84:14) 28° 18’ | 8-2] 38° 50°) 12-3 
0 23 O11 15 22 | 4-2} 28.31 8-31 39 04 | 12°4 
0 45 Oe 15. 43" | 4°3'1 “28> “48 Bedale 8917) loa 
1 07 0-3] 16 04 4:4] 29 05 8-51 39 381 | 12-6 
1. +30 0-4) 16 25 4-5 | 29 992 8-61 39 44 | 12:7 
1 52 0-51-16 45 4-6 | 29 39 8-71 39 57 | 12-8 
2 15 0-61 17 06 4°71 29 56 8-8] 40 10 | 12-9 
2 37 (or a es ae 4-8} 30 13 8-9] 40 23 | 13-0 
Bevo 08 4 17. 47 4:91 30 30 9:0] 40 36 | 13-1 
3 99 0-91 18 07 | 5-0] 30 47 9-1] 40 49 | 13-2 
3148 oy is 27 15-1.) 31 08 9-2] 41 02 3:3 
4 Ov fei is 48 |. 5:21 31 20 Oy iS eta 
4 29 | 1:21 19 08 | 5:3] 31 36 | 9-4] 41 28 | 18-5 
4 52 1:37 19 28 5-44 31 52 9-5] 41 40 | 13-6 
B44 1°42) 19° 48 5-5 | 32 08 9-6) 41 53 > 18*7 
5 36 1:51 20 08 5-61 32 24 9-7] 42°05 | 13-8 
5 59 fee 20827 1 5-7 | 32. 40 9-8] 42 18 | 13-9 
Geeta, 1-71 20 47 | 5:81 32 56 | 9-9 | ~42°-30 | 14-0 
6 43] 1-8] 21 07 | 5:9] 33.12 | 10-0] 42 42: | 14-1 
eee td) 2t 26 | 6-07 33 28° | 10-1] 42°54 | 14-2 
Zeer 2-0. 21 46 | 6-1] 88 44./ 10:2] 48 06 | 14-3 
7 49 8-11 29.05 | 6-2] 33 59-| 10:3] 48.18 | 44-4 
8 12 99} 92 24 | 6:3] 84°14 | 10-4] 43 30. | 14-5 
8 84 | 2-3] 22 44 6-4) 34 30 | 10:5] 43 42 | 14-6 
8 56 | 2:4] 23 03 6-5 | 34 45 §110-6 48 845 14-7 
9 17 | 2:5] 23-22 6-6! 35 00 | 10-7] 44 05 | 14:8 
9 39 9-61 23 41 6-7 | 35 15) 10-8] 44. 17.) 14-9 

10 Ol 2-7} 23 59 6-81 35 30 | 10-9] 44 28 | 15-0 

10 23 | 2-8] 24 18 6-9) 35 45 | 11-0] 44 40 | 15-1 

7045} 2°91 24 37 WO 36. 00-7 12-1 144 51> 15-2 

11°06 | 3:0] 24 55 71/ 36 15 | 11-2] 45 02 | 15-3 

fee. | 3-1) 25 14 7-2) 36 29 | 11-3] 45 18 | 15-4 

a1) 50. | 3-2] 25 32 7-3) 36 44 111-4] 45 25 | 15-5 

Pett |) 331 25 51 74) 36 58 | 11-5] 45 36 | 15-6 

12 33 | 3-4] 26 09 7-5] 87 12 | 11-6] 45.47 | 15-7 

12.54 | 3°51 26 27 761 37 26-|11-°71 45 58 | 15-8 

13. 15 3-6 | 26 45 Vad “B7Ca Ie eette 46°08 |1539 

18 37 3-71 27 03 V-Bil 7a ete Osbe 46, 19. | 16-0 

13 58 3-8] 27 20 779} 38 09 | 120} 46 30-| 16-1 

14 19 3-9] 27 38 | 8-0] 38 23 | 12-1] 46 41 | 16-2 

144 40 | 4:0] 27 56 | 8-1] 38 36 | 12-2] 46 51 | 16:3 


| 
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To use the table, take out the numbers corresponding to the 
latitude and declination; add these numbers together when L 
and D are of different names, and take their difference when 
Land D are of the same name. Multiply the result by the 
relative speed of the ship and body in latitude. This gives the 
interval, disregarding the motion of the ship in longitude. To 
correct the interval for this motion, multiply it by ‘002 times 
the speed of the ship in longitude and apply it to the interval 
just found + according as the ship’s course is a Westerly or an 
Kasterly one. 

The following examples show how the longitude is obtained 
bv aid of this table. 


Example (1):—On March 2nd, 1914, in estimated position 
bate? (LOCN = onor aeons the deck watch was slow On 
GM.T. 02 56™ BOF “and the ship was steaming N. 35° W. (true) 
at 18 knots. 


The following observations were taken to determine the 
longitude of the ship. 

The sun had equal altitudes at the following times by deck 
watcl :-— 


(a.m) 62 04™ 588, (p.at.) G2 55™ OL. 
S.A.T. 248 0O™ Mar. lst. Dec. 72901 Dae 
Long. 4 45 (E,) Eq. T. 12" 2954+ to AT. 


GA‘T. 19 15° Mar. Ist. 
Wasa clog a le 


G.D. LON) 2 Mar. chee 


N. 35° W. 18’=d Lat. 14'-74 N., Dep. 10’:32 W., d Long. 10'°32 W. 


Speed in latitude - — - - - 14°74 knots (N.) 
Speed in declination - > - | "9S knotea is 
Relative speed — - - = - 13°79 knots (parting). 


From table 2° 10’ N. gives 0°6) LE and D different 
” 99 if 29’ S. 23 0 f names -—add. 


9) 


Pad AD Gd Wate WAR) ema) 78 


Speed of ship 1 in longitude is 10°32 knots (W.) 
30 ,80EX TO02 ex a on nea Ae 
OD oe 
‘74 


Interval between times of max. and mer. alts. 36°59 


181 


D.W. (A.M. ) - - 6h 04m 58s 
D.W. (P.M.) - ECG 5H) Ol 


2/12 59 59 


pevicaniDeWytime i=. 6F 291659 


Eee Ota CO) 

? Reve ard aah 
Slow - = JAD ee sae) 38 

=G MT at Max. Alt. “19 26 37 
Interval : - +37 
G.M.T. at Mer. Pass. 19 27 14 
Kq. T. - : Z —12 29 


GAT! At Mer. Pasa’ 19 14: 45 
S.A.T. at Mer. Pass. -24'- 00 00 


Longitude - - 4 45 15(E,) 
71° 18/°75 E. 
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Hxample (2):—On April 27th, 1914, at about 7* 45™ p.m. 
(S.M.T. nearly) in estimated position Lat. 19° 23’ N., Long. 7° 
15’ W. the deck watch was slow on G.M.T., 3 13™ 27s and 


the ship was steaming 8. 62° E. (true) at 15 knots. 


i 


The following observations were taken to determine the 


lougitude of the ship. 


Regulus had equal altitudes at the following times by deck 


watch. 
(KE. of Mer.) 4° 40™ 20s. (W. of Mer.) 55 18™ 468, 
SMT. 72 45™ Apl. 27th R.A.% 105 03™ 50s 


Long. ee CW). 


Gites 14. Ap). 27th. 


$< 


DE CRES Sear a Ne 


omen R.A.M.S. 25 19™ 498°5 
PorgiL (3 +16 
4m + <7 
2, L9y-d1s°8 
S. 62° E. 15’ = d Lat. 7'°048., Dep. 13°24 E., d Long. 14’ E. 
Speed in latitude - - - 7°04 knots (8.). 
Speed in declination - - - 0°00 
Relative speed - - - - 7°04 knots (nearing). 


From table 19° 23’ N. gives 5'4 | LZ and D same names :— 


TOASTING 25, FG 4 subtract. 


2°0 


2°0 x 7°04 = 14808. 


99 iP) 
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Speed of ship in longitude is 14 knots (E.). 
14°08 x 1 002<K 14 = 108739: 


148° 08 
— °39 
Interval between times of Max. and Mer. Alts. 13°69 
R.A.* 10° 03™ 508 D.W. (E. of Mer.) © 4h 40m 208 
R.A.M.S. 2 19 © 52 DEW AW oe Mer 5S 46 
S.M.T. of 2/9 59 06 
Mer. Pass 7 43 58 cb 
—————— ev ean NV Saline - 4350 sae 
Slow. - : “a me ee, Be es 
GiM.'T. of Max. :Altii > =) Guy ee 
Interval : = 2 —]|4 
GM.T. of Mer: Passi °°— "OGmeaieaese 
S.M.T. ‘of Mer. Pass. -—) 7a 
Longitude - + - QO 28 48(W.) 
le ae 


132. Notes on observations for determining posi- 

tion lines.—The accuracy of all altitudes depends on-~ the 
degree of exactness with which the position of the sea horizon 

is known, in other words on the dip, which, as explained 
in § 52, occasionally differs considerably from the tabulated 
values on account of abnormal refraction. In addition, the 
accuracy of an altitude depends on the distinctness with which 
the sea horizon can be seen by the observer. 

When mist causes the horizon to appear indefinite, it is 
advisable to take an observation from a position where the height 
of eye is as low as possible, and so bring the sea horizon nearer 
to the observer (§ 57). 

The difficulty caused by the sea horizon being obscured can 
be overcome approximately, when ships are in company, by using 
for shore horizon the water line of another ship which has the 
same bearing as the sun, care being taken to measure the distance 
of the ship by range-finder at the time of observation. As the 
dip of the shore horizon (§ 58) cannot be easily and accurately 
obtained from the tables it should be calculated from the 
formula, which, for convenience in this case, may be put in the 
form :— 


Dip (in minutes of are) = 1146 Sea ‘0002 d, 


where h is the height of eye in feet and d the distance in yards. 
The best time for taking observations for obtaining the 
position of the ship is when the stars first become visible or 
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just before they disappear at evening and morning twilight 
respectively, as the horizon is usually very well defined at those 
times. 

The altitudes of Venus and Jupiter may sometimes be 
observed in daylight when the bodies are near the meridian. 
In order to locate the body which it is wished to observe, it is 
advisable to previously calculate its approximate altitude and to 
set the altitude on the sextant. With the sextant telescope 
directed to the correct point of the horizon the body should be 
seen in the field of the telescope. 

Observations should not be taken from powitions where the 
ray of light from the body observed has to pass through hot air 
or steam. 

When the heavenly body is not near the meridian three or 
five observations should be taken in quick succession and their 
mean used to work out the observation; this procedure 
should not be followed in the case of a body which is near the 
meridian, because in that position the altitude of the body does 
not vary directly as the time. 

The minute hand of the deck watch should always be looked 
at by the observer immediately after taking the last observation, 
to see if the correct minute has been written down by the time 
taker. The time by the ship’s clock should always be noted, 
and also the reading of the patent log or speed recorder. 

It is as necessary for the time by the deck watch to be taken 
accurately as for the altitude to be correctly measured. The 
method of taking time by the deck watch is given in 
Chapter XVI. 

When observing, give the time taker a warning of about 
5 seconds and call ’top at the instant of making the contact. 

The sextant telescope of the highest power that will give 
clear images of the body and the horizon should always be used. 

When the body appears very bright the eye is strained and 
the exact instant of contact 1s dificult to detect; consequently 
the darkest sextant shade that will give a clear image of the 
body should be used. 

The index error of the sextant should be determined just 
before observations are taken or just afterwards. 

Whenever a star or planet is observed its compass bearing 
should be taken, to assist, if necessary, in determining the 
name of the body observed, as will be explained in Chapter XV. 

It is always advisable to take observations of the sun in the 
late afternoon, even if it is intended to take observations of stars 
a little later on ; the observations of the sun need not necessarily 
be worked out, but they serve asa “stand by” in case the stars 
are obscured. For a similar reason observations should be 
taken when land is about to be made, for if a fog comes on 
these observations may be worked out and will prove most 
valuable. 

N 2 
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The estimated position with which to find the position line 
should be ascertained as accurately as possible, although the 
position line can be found equally well by using an estimated 
position which is many miles in error. The reasons for this 
are :—(1) the necessity of developing a habit of always making 
as careful an estimate as possible of the ship’s position; (2) as 
soon as the magnitude and direction of an intercept has been 
ascertained, the difference between the ship’s probable position 
and the estimated position is immediately apparent. 

When observing the meridian altitude of a body which is 
passing nearly overhead, it is advisable to note by compass the 
position on the horizon of either the North or South point, 
depending on whether the body is passing to the North or 
South of the observer, and, at the correct time, to observe the 
altitude above that point. It may happen that the supplement 
of the altitude has been observed, either inadvertently or 
because the horizon was partially obscured; in such a case 
it should be corrected as shown in the following example. 

Hxample :—On March 28th, 1914, the supplement of the alti- 
tude of the sun’s L.L., measured to the North point of the horizon, 
was observed to be 94° 16’ 30"; LE., + 1’ 30”; H.E., 50 feet. 


Obs. alt. © to N. point of horizon - 94° 16/30” 

LE. - . - - - +1.30 . 
94 18°0 
Dip - - - - mee 
App. alt. ey to N. point of horizon - 94 11:1 
; — 180 00 | 
App. alt. © to S. point of horizon - 85 48°9 
Refraction - - - - —'l 

(85 48°83 > 

SW HH CU Wig pee - - - —16°0— 


True alt. sun’s centre to 8. point of | 
horizon - - - = OD), Oe ae 
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CHAPTER XV. 


RISING AND SETTING OF HEAVENLY BODIES, 
TWILIGHT, &c. 


133. Hour angles of heavenly bodies when on 
the rational horizon.-— At sea it may frequently be 
necessary to determine whether there will be sufficient light at 
a particular time to enable objects to be recognised, and for this 
reason we have to consider the timesat which a heavenly body 
rises and sets. 

The times of rising and setting of a heavenly body are the 
times at which its centre is on the rational horizon East and 
West of the meridian respectively. 

In Fig. 122, let X’ and X be 
the true places of a heavenly 
body when on the rational 
-horizon East and West of the 
meridian respectively, then 245 
— ZPX"'is the hour angle of the 
body when rising, and ZPX is 
the hour angle when setting. 
In order to find the times of 
rising or setting of a heavenly 
body it is first necessary to 
determine this angle (ZPX’ or 
ee). 


Beets 
Let L be the latitude of the Fia, a 
observer, and D the declination 
of the heav enly body, L and D being of the same name, that is, 
both North or both South. - In the triangle PZX 
eos ZPX = ©08 LX — £09 PX,c0s PZ. 
i sin PX sin PZ 
therefore, denoting the hour angle by H and remembering that 
when a body is on the rational horizon its zenith distance is 
90°, we have cos H = — cot PX cot PZ. 
Bow. bx +2905 — D, andPZ = 90° — L: 
Therefore cos H = —tan D tan J, or cos (12'—#H) = tan D tanL. 
ff L and D are of different names PX is 90° + D, and if 
we denote the hour angle in this case by H" we have 
feet — tan’) tan 2b. 

From these formule we see that H' = 12) — H. 

The hour angles at setting (1H) are tabulated in the Abridged 
Nautical Almanac for values “of L from 0° to 70° and of D from 
0° to 30°, when Land D are of the same name. The hour angles 
at rising are found be subtracting the tabulated results from 
24 hours. 
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When L and D are of different names the hour angles at 
setting are found by subtracting the tabulated results from 
12 hours. The hour angle at rising is found by subtracting 
this amount from 24 hours. Ci 

The table takes no account of dip, semi-diameter, refraction 
or parallax, so it must not be expected that a heavenly body 
becomes visible, or disappears, exactly when its hour angle is 
that given in the table. 


134. 8.M.T. of visible sunrise and visible sunset.— 
In the case of the sun the tabulated hour angle is the S.A.T. of 
sunset, and when subtracted from 24 hours the result is the 8.A.T. 
of sunrise. 

Now let us consider what is the observed altitude of the 
sun when it is on the rational horizon, that is, when its true 
altitude is zero. 

Sun’s true altitude 0° OO! 
Refraction and parallax +29 


Apparent altitude O29 


From this we see that at sunset or sunrise the sun’s centre 
appears to be about 29’ above the horizon, and taking the 
semi-diameter as 16’, the sun’s L.L. at sunset or sunrise is about 
13’, or about a semi-diameter, above the horizon. 

Therefore the times at which the sun is seen to rise and set, 
that is, the times of visible sunrise and visible sunset, differ by 
a small amount from the times at which the sun is on the 
rational horizon, so that, by applying a small correction to the 
time given..in the Abridged Nautical Almanac, we can find 
the time of visible sunset or the time of visible sunrise. 

The following investigation shows how this correction is 
obtained :— | 

Obs.alt- Senn 6. Gn" 70° 60 0c a 


Dip for 20 ft. —4 24 
—-Q0 04 24 
Refraction —35 32 
—0 39 56 
Parallax | +9 
—-0 39 47 
S.D. —16 00 


True alt. sun’s centre —0 55 47 


and assuming 20 feet as the average height of the’ observer's 
eye, the correction required is the time the sun takes to change 
its altitude 55'°8 at the time of rising or setting. | 


187 | Art. 184 


In Figs. 123 and 124, let X be the true place of the sun when 
on the rational horizon West of the meridian. In Fig. 123 L 
and D are of the same name, and in Fig. 124 they are of different 
names. Let BX’ be the change in altitude = dz (55°8’) and 
X PX’ the corresponding change in hour angle = dH. 

In the triangle XBX’, the sides are so small that the 
triangle may be considered a plane triangle right-angled at B. 
Now dH = XX’ sec D (§ 12); 
also XX’ = BX' cosec BX X' = BX' cosec PXZ = dz cosec PXZ. 

Therefore dH = dz sec D cosec PXZ. 

In the triangle PZX, ZX = 90°, and therefore by the rule 
of sines, 

cosec PXZ = sec L cosec H. 

Therefore dH = dz sec D sec L cosec H 

ia keihe O29 hatd 
sin H cos D cos L 


Now, as #7 is the hour angle at sunset, cos H = =: tan D tan L 
- sin H = /1 — cos? H = V1 — tan’D tan? 


_ s/cos? D cos*L — sin? D sin? 
cos D cos L 


HIGUeL3 3. 


sin 7 = / cos (D a LL) eos Obs, — TD 
cos D cos L 


*. sin H cos D cos L = / cos (D + L) cos (D — L). 


e% r/ cos (D+ L).cos (D. = L). 
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Therefore, if dH 1 a in minutes of time and dA in minutes of 


arc, we have dH = a = / sec (D +L) sec (D — LB). 


N 


J * 


dHcosD 


Higs 1247 ee 

The foliowing table has been calculated from this formula, dz 
being taken as 55'°8 which corresponds to a height of eye of 
20 feet; the numbers given in the table are the minutes that 
should be added to the S.A.T. of sunset, or subtracted from 
the S.A.T. of sunrise, to obtain the S.A.T. of visible sunseteor 
visible sunrise. The purpose for which this problem is most 
often required is to find the time at which to fire the sunset gun 
when in harbour; the error, due to the height of eye being 
more or less than 20 feet, is very small and need not be 
considered. } 


= * : 2 ee ee se ss sie ee 


Latitude. 


| ! 
“Declination. | | | | 
g° Shi SPB rs AsO Bo Ae Dae eee 74 8°8 
10° 3°8 | 3B) 400 46a bh 0 650 729 9°7 
20° 4°0 | 4°0 | 452) 4°7 ) 5°41 6:8) TOS2 eee 
23° 4°0 | Ar.) -4°4 1. 4°83) 6:69 7273 1) sae 23°] 
| 


Hxeample:—On April 29th, 1914, at Bermuda, Latitude 
32° 22’ N., Longitude 64° 30’ W., it is required to find the time 
at which to fire the sunset gun. 

_ Rough §.A.T. sunset - 65 00" April 29th: 
Long. - - - 4 18 (W.) 


GD. . ‘ sa kara ks Seal 209th. 
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Declination for G.D. 14° 25’ N. 
Equation of time for G.D. 2™ 418— to A.T. 
From the Abridged Nautical Almanac, the hour angle at 
setting is found to be 6) 38”. 
S.A.T. sun’s centre on rational horizon 6® 38™ 


Correction from preceding table - +4°6 
S.A.T. sun’s U.L. on sea horizon - 6 42°6 
Eq. T. - ~ = : —2°7 
§.M.T. sun’s U.L. on sea horizon -- 6 89°9 


The time of visible sunset is therefore 6" 40™ p.m., and 


this 1s the time required. 


135. Twilight.—Owing to the reflection of light from the 
atmosphere a certain amount of light is received from the sun 
when below the horizon, and this is called twilight. 

There are two periods of twilight, evening twilight and 
morning twilight. 

Astronomical twilight is assumed to begin in the morning, 
and to end in the evening, when the sun’s centre is 18° below the 
horizon. During this time stars of the 2nd magnitude are not 
visible to the naked eye. 

Civil twilight is assumed to begin in the morning, and end in 
the evening, when the sun’s centre is 6° below the horizon, and 
during this time stars of the Ist magnitude are not visible 
to the naked eye. The duration of civil twilight is about one- 
third of the duration of astronomical twilight, but is less than 
one-third when the latter is very long. 

Astronomical twilight lasts all night when the latitude 
and declination are of the same name and their sum is not less 
than 72>. | 

Twilight 1s necessarily short within the tropics, because the 
apparent path of the sun is there more nearly perpendicular to 
the horizon than in higher latitudes. 

The times of cessation and commencement of twihght may 
be calculated from the astronomical triangle PZX, the zenith 
distance being taken as 108° for astronomical twilight, and as 
96° for civil twilight. 

Hxample :--On April 27th, 1914, in Lat. 50° 00’ N:, Long. 
45° 00’ W., it is required to find the duration of astronomical 
evening twilight. 

As a general rule the time will not be required to any great 
degree of accuracy; it is therefore sufficient to take out the 
declination of the sun for the G.D. of sunset. 

Rough $.A.T. sunset. - - 65. 00™ April 27th. 
Longitude - : moeevea Ose. VV.} 


pl 


Date: : ; - 9 00 April 27th. 
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Declination for G.D., 13° 46’ N. 


From Abridged N autical Almanac, the hour angle at setting 
is 7h O7™, 
S.A.T. sun’s centre on rational horizon 75 O7™ 
Correction from table (§ 134) - - +6°3 


S.A.T. sun’s U.L. on sea horizon - i) ee 


In Fig. 125, let X be the true place of the sun when 18° 
below the rational horizon, so that ZX = 108°. Then in the 
astronomical triangle PAX the 8.A. T. (H) is calculated from 
the formula :— 


hav H = sec L sec D hav [z + (LX D)] hav [e—(LF D)I. 


fas 
= 


Fig. 125, 
Lat. 50° 00’N. Lsec 10°19193 
Dec. 13. 46N. — Lsec 10°01266 
i aeoup| 96 ota 
4 108 00 
SEY TE DY AAY, 1 Thay 4°97849 
a Teepe er leet a 1 Thay 4°76799 
H Qh 27m- 6 Lhav H 9°95107 — 


S.A.T. at end of twilight 95 27™°6 
S.A.T. visible sunset (Be iat SS! 


Duration of astronomical 
evening twilight 2 14-3 


191 Art. 136. 


136. S.M.T. of visible moonrise and visible 
moonset.—Let us first consider what is the altitude of the 
moon’s centre when the observed altitude of the moon’s U.I.. is 7 
ZeLO. 


Observed altitude moon’s U.L.  - Ore OG 0G!" 
Dip for 20 feet = - : ieee 4 24 
, —0 04 24 
Refraction : : - = Oe 
: ~O 39 56 
Average parallax - - spo turou 
é | Oak Pais 
Semi-diameter - 3 - —-15 45 


True altitude moon’s centre : One Oi 49 


From this we see that the appearance of the moon’s U.L. on 
the sea horizon at rising, and its disappearance at setting, takes 

_ place very nearly (within less than one minute in Lat. 60°) at 
the same time as the arrival of the moon’s centre on the rational 
horizon. 

The times of moonrise: and moonset are constantly required, 
but seldom to a great degree of accuracy, the time to the 
nearest two or three minutes being generally sufficient. 

The table in the Abridged Nautical Almanac, for finding the 
times of rising and setting of a heavenly body, does not give the 
interval in solar hours between the times of rising or setting 
and the time of meridian passage of any heavenly bocly, other 
than the sun. As the moon takes roughly 245 50™ from one 
meridian passage to another, or while changing its hour angle 
360° or 24 hours, the interval of mean solar time in passing. 
through any hour angle is greater than that hour angle, by 
an amount depending on the mean solar interval between two 
successive meridian passages of the moon, as shown in the 
following example :— 


Hxample:—On March 12th, 1914, in Lat. 60° N., 
Long. 150° W., it is required to find the S.M.T. of moonrise 
and moonset. 


M.T.. of upper meridian pass- 


age at Greenwich - leat SP AL Nae! Panis 
Correction for 150° W. and 

dc 3) : Reed <4 Ap 
S.M.T. meridian passage - 13 14 Mar. 12th. 
Longitude in time - - 10 00 iy) 


G.D. of meridian passage = 23 14 Mar. 12th, 
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Moon’s declination for above G.D., 6° 8. 


From Abridged Nautical Almanac, hour angle, 5" 18™. 


G.M.T. of meridian passage - 23" J4m 
Hour angle - - = sug Obes 
G.D. of rising - - 17 56 Marae 
G.D.- of setting - - -4-32 ManetScke 
Raising. Setlang. 
GDI 568 Mar 12th: G.D..45 32™ Marea 
Declination 4° 36’ 8. Declination 7° 40’ S. 
Hour angle from table- 5" 28" Hour angle from table - 55 06™ 
Correction dor 65> 23™ Correction for 5" O6™ 
and diff: 52™-—-- Sg) a2 and diff. 52" 3=leeeee 
Interval between rising Interval between mer. 
and meridian passage 5 40 passage and setting - 5 17 


S.M.T, meridian passage 13 14 5.M.'T.meridian passage 13 14: 


S.M.'T. moonrise - - -4 84 S.M.T: amoonset = 18: 31 


137. Identification of stars.—It frequently happens 
that the sky is partially obscured by clouds and that only a few 
of the heavenly bodies are visible, and sometimes only one star 
in any particular constellation can be seen. Under such condi- 
tions it is impossible to ascertain the name of any particular 
body, that may be visible, by means of imaginary lines in the 
heavens such as were described in § 75. <A book entitled 
“What Star is it?” (Harvey), a copy of which is suppled to 
each of H.M. Ships, affords a means of identifying | any heavenly 
body from its altitude and compass bearing. 


The book consists of the solutions of a large tate of 
spherical triangles. On the left hand page are tabulated the 
hour angles and on the right hand page the declinations cor- 
responding to the three known data—latitude, altitude, and 
azimuth. ‘These hour angles and declinations are tabulated for 
every 5° of latitude from 0° to 65°, and for every 5° of altitude 
from 10° to 65°, and for every 10° of azimuth. Thus, if a body’s 
altitude is observed, and at the same time its bearing is noted 
by compass and so its true bearing obtained, the hour angle and 
the declination of the body can be obtained. 


In Fig. 126, which is on the plane of the celestial equator, 
PZ is the meridian of the observer, X and Y are the true places 
of two stars West and East of the meridian respectively, T is 
the first point of Aries. XPZ is the hour angle of X as obtained 
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from the tables, YPZ is 24"-—hour angle of Y as obtained 
from the tables, ‘and we have 
Rowe A — 7 PZ — XPZ = R.A.M. — hour.angle of X., 


RiAPor Y= PZ + ZPY = RAM. + hourangle of Y from 
tables. 


irre Ales 


Thus we have the following rule :-— 
Star I.,—add hour angle to R.A.M. for star’s R.A. 
Star W.,—subtract hour angle from R.A.M. for star’s R.A. 
Hxample:—On March 26th, 1914, in Lat. 50° N., Long. 
45° W., at 5" 55™ p.m. (S.M.T. nearly), the altitude of a star 


was observed to be 50° 10’, and the compass bearing to be 
S. 76° W. Required the name of the star. 


SMP = 5" 55™ Mar, 26th.. -R.A.M.S. -. 0% 14™ 

fous - 3 OO (W.) S.M.T. - 5 5d 

G.D. ea, oo) Man) 26thy aRAcM, bon 46-09 
Compass bearing - -J S50 a. 
Deviation - - - 1 W. 
Magnetic bearing - ~ 8.75 W. 
Variation from variation chart - com We 
True bearing - - =ensn42i We 


Entering the tables with Lat. 50° and altitude 50° 10’ we 
find, opposite star’s true bearing 42° (latitude and bearing 
contrary names), that the hour angle is 1" 46™ and the 
declination is 16° N. 


R.A.M. = 2. 6h (gm 
FT (Star W, HEN - - 1 -46 


R.A.¥ - - - - 4 23 


Art. 138. 194 


From the list of stars at the end of the bcok we find that 
Aldebaran has right ascension 4 30™ and declination 16°3’N. 
and that this is the only star that will satisfy the data. 

Should there be no star whose right ascension and decli- 
nation agree with the calculated right ascension and decli- 
nation it is probable that a planet has been observed, and in 
such a case search should be made among the planets in the 
Nautical Almanac. 

Should there be two or three stars whose right ascensions 
and declinations are so near to one another as to make it 
difficult to determine which has been observed, it will be neces- 
sary to interpolate between the numbers given in the table, in 
order to find the star’s right ascension and declination more 
exactly, but this is seldom necessary. 

As one of the arguments, with which the tables are 
entered, is the true bearing of the body, it should be made a 
rule, whenever a star is observed, to note the compass bearing 
at the time of observation. 

The name of an unknown star may be more easily found 
when a Star Globe or Star Iinder is available. ‘This instrument 
is particularly useful, not only for the purpose for which it is 
designed, but for general instruction in-astronomy. 


188. Torrid, Frigid, and Temperate zones.-—The 
declination of the sun varies from 23° 27’ N. to 23° 27'S; 
therefore since the latitude of the geographical position of a 
heavenly body is equal to the declination of the body (§ 109), 
the sun is always in the zenith of some place on the earth’s 
surface situated between the parallels of latitude 23° 27’ N. and 
OO Wot a. 

That part of the surface of the earth which is bounded by 
the equator and the parallel of latitude of 23° 27’ N. is called 
the North Torrid zone; similarly, that bounded by the equator 
and the parallel of latitude 23° 27’ 8. is called the South 
Torrid zone. These two zones are frequently spoken of as The 
Tropics. 

That circle of position, whose centre is the geographical 
position of the sun at any instant, and which corresponds to a 
true zenith distance of 90°, is called the circle of illumination at 
that instant, because the sun is visible at every point within it. 
It divides the surface of the earth into two hemispheres, the 
illuminated and the dark. 

At any point on the circumference of the circle of illumina- 
tion the sun is on the rational horizon of that point. 

When the geographical position of the sun is on the equator, 
that 1s, when the declination is 0°, the circle of illumination 
passes through both poles as in Fig. 127. When the - 
geographical position of the sun is in Lat. 23° 27’ N., that is, 
when the sun has its maximum North declination, the ilumi- 
nated hemisphere (bounded by the circle of illumination AB, 
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Fig. 128), contains the North pole. As the earth revolves in 
the direction shown by the arrow, the points A and B, which 
are the points on the circle of illumination of maximum latitude 
North and South, trace out the parallels of latitude of 66° 33’ N. 


p 


Sun 


Higa tic 


and 66° 33'S. ‘Therefore, when the declination of the sun is 
23° 27' N., the sun will not set at any point North of the 
parallel of 66° 33’ N. and will not rise at any point South of the 
parallel of 66° 33’ S. When the declination of the sun is 
23° 27’ S. the converse takes place. 

That part of the surface of the earth which extends from the 
North pole to the parallel of 66° 33’ N. is called the Arctic 
zone, and the corresponding part in the Southern hemisphere is 
called the Antarctic zone. ‘These two zones, when referred to 
together, are termed the Frigid zones. 

The area which is included between the parallels of 
23° 27' N. and 66° 33’ N. is called the North Temperate zone, 
and the corresponding part in the Southern hemisphere is 
called the South Temperate zone. , 


Sun 


Fie. 128. 
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CHAPTER XVI. | 
THE ERROR AND RATE OF THE CHRONOMETER. 


189. Meaning of the terms error, rate, and 
accumulated rate.—The principle and description of the 
chronometer will be found in Part IV.; we are here concerned 
with the problem of finding the error and rate of the chrono- 
meter. By the error of a chronometer we mean the difference 
between the time shown by it at any instant and the G.M.T. at 
the same instant. It is convenient always to consider that a 
chronometer is slow, in order that the G.M.T. may be found by 
adding the error to the time shown by the chronometer. 


The error of a chronometer varies from day to day, and in 
a good instrument the daily change in the error remains approxi- 
mately constant. This dailychange is called the rateof the chrono- 
meter, and is said to be a gaining or losing rate according as 
the chronometer is gaining or losing. All H.M. Ships are 
supplied with three chronometers and one deck watch. When 
supplied to a ship, the chronometers are accompanied by 
tabular statements showing their rates during the past few weeks, 
and from these, estimates may be made as to their reliability. 
It is customary to label the chronometers A, B, C, &c., 
according to the estimate made, A being considered the most 
reliable and adopted as the standard. 

In order to obtain the G.M.T. at any instant, it is necessary 
to know the error of the chronometers at that instant, and this 
error depends on the error determined at some previous date, 
and on the accumulated rate, which is the increase or decrease 
of the error of the chronometer in the interval. Thus the 
accuracy of the G.M.T., found from a chronometer at any instant, 
depends on the accuracy of the accumulated rate. Now accumu- 
lated rate in an interval = daily rate x number of days, so that 
the accuracy of the G.M.T. depends on the accuracy with which 
the chronometer has maintained its daily rate. 


140. System of daily comparisons.—In order to 
determine whether the chronometers are working steadily, 
recourse is had to a system of daily comparisons the results 
of which are entered in a book called the chronometer journal. 
This system consists of comparisons between the A chronometer 
and all the other chronometers and deck watches in the ship, 
and is carried out as follows :-— 

[Chronometers beat every half second, chronometer watches 
and deck watches usually beat five times in two seconds. | 

When about to compare, only open the lid of A chronometer, 
so that its tick may sound loudly and that of the others may be 
deadened. Write down a time which A is going to show, say 
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4h 16™ 308°0., and start counting the beats when the second hand 
gets to 20 seconds, thus :—Half, one, half, two, half, three, 
&c.; in afew moments the beats can easily be counted ; then 
still counting the beats turn the eye to the other chronometer, 
and note exactly what its second hand shows at the instant you 
hear A beat the exact second decided on. .Write down the 
comparison as follows :— 

A - 45 16™ 308°0 

Bi 4y 2h V2885 


Bal A9" 201 45 cslow,on.A. 


Compare again as a check on the first comparison. 

The comparisons are usually all shown as slow on A; this 
saves, confusion, and enables the time by any other chronometer, 
or deck watch to be converted into time by A by using addition 
instead of subtraction. Similarly, all chronometer errors should 
be shown as slow on G.M.T. and not some fast and some slow. 

With practice, chronometers can be easily compared to a 
quarter of a second, and accurate comparison is most important 
when finding the errors by observation. 


The daily difference between the comparisons of any two 
chronometers is the difference between their daily rates; any 
alteration of the daily difference shows that one or both of the 
chronometers is going irregularly. If the daily difference of 
comparison between A and B remains constant at the approxi- 
mate algebraic sum of their previously obtained daily rates, and 
that between A and C alters, it is probable that the rate of C 
chronometer has altered ; thus, when finding the error of the deck 
watch from the chronometer journal in order to determine a 
position line, it is necessary to examine as to whether all the 
chronometers agree, and this is done as follows. 


Apply to the estimated error of B, found as explained above, 
the comparison between A and B, and thus find the error of A 
on G.M.T., as indicated by the B chronometer. Similarly the 
error of A on G.M.T. as indicated by other chronometers may 
be found. Thus we find three or more possible errors for the 
A chronometer, an inspection of which will show the most 
probable error of A, and from this the error of the D.W. is 
determined. In the event of no one error appearing more 
probable than another, their mean should be assumed to be the 
error of A. 


Ifa landfall has to be made, or a danger to be cleared, from 
a position obtained by astronomical observations, when there is 
a considerable disagreement between the several chronometers 
as to the error of A, that error should be selected which places the 
ship in the most disadvantageous position (§ 118). 


141. How to take time accurately with a deck 
watch.—<Accurate time-taking is of special importance when 
taking observations for obtaining the errors of chronometers. 

uw 17415 0) 
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A practised time-taker can take time with a good deck watch 
to one-fifth of a second. A deck-watch beats five times in two. 
seconds; the beats are therefore 0°4 second apart, and conse- 
quently the beat of a watch coincides exactly with every even 
second. Beginning at, say, 8 seconds 


the Ist beat afterwards would be 8s: 4 


9 2nd ” 29 oy 88 
9 ord »” ” ” 9-2 
9 4th ” Teo 29 9 °6 

oth Lom 


33 


The time-taker looks at the watch and starts counting from an 
even second, every time the watch beats, until the next even 
second is reached, 4, 8, 2, 6, 0, 4, 8, 2, 6, 0, 4, 8, 2, 6, 0 and so 
on, until he hears the observer call ‘“‘’ top.” If the “’ top” 
coincides exactly with one of the beats, the time-taker can 
exactly recognise from his counting which decimal of a second 
corresponds to the “’top,”’ and his eye tells him which second. 
With practice it is possible to interpolate between the beats. 

When taking time for any kind of observation, the time- 
taker should insist on the observer looking at the watch, after 
the last observation of the set has been taken, to satisfy himself 
that the correct minute has been put down. 


142. Error of the chronometer by time signal.— 
The error of a chronometer may be found, either by comparison 
with a clock whose error is exactly known, or by astronomical 
observation. The standard clock at every observatory is 
regulated daily by means of observations taken with a transit 
instrument, and this clock can be placed in electrical communi- 
cation with the telegraphic system; by this means, at a certain 
hour every day, a signal is transmitted to telegraph offices and 
port authorities for the purpose of regulating their clocks. In 
the United Kingdom the signal is transmitted from Greenwich 
at 10a.m. Thissignal automatically adjusts certain clocks so that 
they show G.M.T., and from each of them a time signal is worked. 
At most important ports a signal is made for the convenience 
of shipping, and this usually consists of the automatic release of 
a ball from the yard-arm of a signal station; the release is 
actuated electrically by the standard clock at the place, or 
direct from the observatory. The whereabouts and times of 
time signals are given on the charts and in the sailing directions ; 
full details of each signal are given in the Admiralty List of 
Lights and Time Signals. When observing a time signal the 
following procedure should be adopted. Holding the deck watch 
in one hand, take up such a position that the time signal is 
clearly visible, and about ten seconds before the signal is 
expected begin counting as explained (§ 141). Write down 
the time shown by the deck watch at the instant the ball 
begins to fall. Immediately proceed to the chronometer’ 
room and compare the D.W. with the A chronometer, and the 
other chronometers with the A chronometer. From these com- 
parisons the errors of all the chronometers may be found. 
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Time signals are also transmitted from various high power 
wireless telegraphy stations, and comparison with such signals 
is a very convenient method of finding the error of the chrono- 
meters, when at a place where no time signal exists; when using 
this method consideration should be paid to the table-of safe 
distances given in Part IV. 

When some considerable time must. elapse between the 
finding of the error of the D.W. and the subsequent comparison, 

such as when the D.W. has to be conveyed ashore for com- 
parison with a standard clock, consideration should be given to 
the following article. 


143. The mean comparison.—It is of no use obtaining 
the G.M.T., however accurately it may be done, unless it can be 
conveyed accurately to the chronometers. Suppose A has a 
steady gaining rate of 7 seconds per day and the D.W. a losing 
rate of 10 seconds per day, it is obvious that the comparison 
between them cannot remain constant for even an hour. When 
the rates are steady, it follows that if comparisons are made 
before landing, when necessary to do so to obtain the error, and 
again after returning, a comparison may be deduced which 
would be correct for any particular instant between the two 
' comparisons actually taken; this calculated comparison is 
called a mean comparison, and is found as follows :— 


oaretricen before landing :-— 


Time by A : ak aie 3 8 OFIO COE 
ae.) 4 (- <( 180324 .OT+24 
D.W. slow on A et ae “, 14 52°38 
Comparison after return :— _ | | | 
Time by A - - s - 105 40™ 00s 
es. oe - - ate Owe 25 1Or 0 
D.W. slow on A - - - = O° 14.°°50'0 


Elapsed time between comparisons by D.W. = 2° 01" 03: = 121". 


D.W. time at which error wasobserved 95 57™ 20s 
D.W. time of last comparison - a LU cee. 


Hlapsed time - - - ae 2 OU soi al aee 


By first comparison D.W. is 14™ 52s°8 slow on A, 
> second 9) 9) 9) 14 50 99 by } 
therefore in 121™ the D.W. has gained 28°8 on A and in 
; PAP 2tt OL Xs 21 Sip ie 
27™°8 the D.W. will gain said TESTS se 648, 


By the second comparison the D.W. was 14™ 508 slow on A; 
therefore, at the time at which the error was observed it was 
Oh 14™ 50s°69 slow on A, which is the mean comparison. 

02 
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144. Error of the chronometer by astronomical 
observations.—To find the error of the chronometer if there 
is no time signal available—that is, to find the difference between 
the time shown by the chronometer at any instant and the 
G.M.T.—necessitates our finding the G.M.T. by observation. 

In the case of the sun, 
G.M.T. = M.T.P.;+ Long; =/A.T.P. + Eq. T. ong: 
In the case of other heavenly bodies 
G.M.T. = H.+ R.A. % — R.A.MS. + Long. 

From these equations we see that the only unknown term 
on the right hand side is the hour angle of the body. Now if 
we know the latitude, longitude, and altitude exactly, the hour 
angle of the body can be calculated as explained in § 130. 

The altitude of a heavenly body should be observed as 
accurately as possible when it is desired to obtain the error of 
the chronometer. Any error in the altitude not only affects 
the error of the chronometer deduced from the altitude, but 
affects every position of the ship that subsequently depends 
on that error. For a similar reason the observation is usually 
taken on shore at a place the latitude and longitude of 
which are exactly known. The altitude is not taken above 
the sea horizon because of the unreliability of all altitudes 
measured from it, but the observer has recourse to an instru- 
ment called the artificial horizon, one or more of which are 
supplied to each of H.M. Ships. In the event of it being 
impossible to go on shore the altitudes may be observed above 
the sea horizon, but in such a case the results must be considered 
as approximate only. 


145. The artificial horizon.—This usually consists 
of a shallow rectangular trough, BC, Fig. 129, filled with pure 


I 
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mercury, the surface of which forms a perfectly horizontal plane. 
except near the edges. A ray of light from a body X is 
reflected from BC in the direction AO, which makes an angle 
OAB with the plane of the mercury = angle X AC in accordance 
with the law in optics “the angle of incidence is equal to the 
angle of reflection.” 

An observer whose eye is at O, sees, on looking into the 
mercury, an image of X proceeding apparently from the point 
X’' along the straight line AO, and he measures the angle XOX’, 
which is the observed altitude in the artificial horizon. 


Since the angle OAB = X’AC, the angle X'AC = XAC, so 
that the angle XOX'’= XAX’ = 2 XAC = twice the apparent 
altitude of X. 


From this we see that, provided that the surface of the 
mercury is horizontal, an observed altitude of a heavenly body 
in an artificial horizon, after instrumental errors of the sextant 
have been applied, is twice the apparent altitude of the body, 
and that the dip is not involved. 


To obviate the disturbing effects of wind on the surface of 
the mercury, a glass roof, Fig. 129, is placed over the artificial 
horizon. The two sheets of glass in the roof fit loosely in the frame 
so as to avoid the possibility of the glass being warped due to 
the unequal coefficients of expansion of the metal frame and the 
glass. The surfaces of the glass plates are ground as nearly 
parallel as is possible, but, owing to the possibility of their not 
being quite parallel, it is advisable to mark one side of the roof 
with a white paint mark and to take half the observations with 
this mark on the right, and half with the mark on the left; 
the practice varies with different kinds of observations, and 
this point will be dealt with further on. 


The artificial horizon does not admit of observations being 
taken when the altitude is less than 15°. When taking 
observations with this instrument, the eye should be in such a 
position that the image of the body appears in the centre of the 
mercury. Practical rules which should be followed when 
taking observations on shore for obtaining the error of the 
chronometer, together with remarks on the selection of the 
position for setting up the artificial horizon, will be found at 
the end of this chapter. 


146. Observations in the artificial horizon.—We 
will now consider how the observation is taken. 

The observer O, Fig. 130, sees the sun at X and sees the 
reflected image of the sun at X’. If U and L represent the 
upper limb and lower limb respectively of the sun, then U’ 
and L’ represent the reflected images of the upper limb and 
lower limb respectively. 

Suppose that an observer takes the altitude of the sun’s 
lower limb in an artificial horizon (obs. alt. ©). The angle 
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measured. is LOL’ (Fig, 1380). Now, 
| LOL = LAL! = 2-BAC = 2.App, Alt. ©; bik 
Similarly, when the altitude of the upper limb (Obs. Alt. ©) 
is taken, we have : 
VOU = UAW = 207 AC = 2 App. Algae | 
Therefore, in either case, the measured angle is twice the 
apparent altitude of the limb observed. The observed double 
altitude is written D, Alt. 


U! 


Fig. 130, 


Suppose that observations are being taken in the morning, 
that is, when the altitude is increasing, then from Fig. 130 we 
see that, if the lower limb is being observed, the two reflected 
images, one L, from the mirror of the sextant and the other L’ 
from the artificial horizon, are separating; similarly, if the 
upper limb is being observed the two images are closing. The 
opposites take place when observations are being taken in the 
afternoon. ‘This may be briefly expressed as follows :— 


ee tones suns. - - - ane Wine b 
rey" Opening suns - - - = oe 
4 Closing suns - - - >) yl Jae 

ie Opening suns - - - =, snl 


Attention to this rule will prevent a mistake being made as 
regards which limb of the sun has been observed. 

Observations should be taken at equal intervals of altitude as 
follows. Set the index of the sextant to an exact 10’ of are and 
call “’top”’ when the contact takes place ; then set the index 10’ 
forwards or backwards, according as the body is rising or 
setting ; watch for the contact and call “’top” again, and so on 
until the set is complete. If the body is moving so fast that 
it is impossible to set the sextant at every 10’ of arc, the 
observations should be taken at every 20’ of arc. By following 
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this mode of procedure, all.the observations will have been taken 
at equal intervals of altitude and the time interval between 
successive observations should be nearly the same. An inspec- 
tion of the time intervals between successive observations will 
make it plain whether the set .is reliable or not. An odd 
number of observations should be taken to simplify taking the 
mean of the results. 

In observations at sea very great accuracy in calculation 
is not only unnecessary, but is a waste of valuable time when 
it is desired to obtain the position of the ship as rapidly 
as possible. In shore observations for time there is no such 
necessity for haste, and, as mentioned above, the accuracy of all 
positions subsequently obtained depends on the time. ‘Therefore, 
in working out shore observations, every care should be taken 
that the elements and corrections are as accurate as possible, and 
interpolation should be made use of when taking out the 
logarithms. For this reason, when working out these observa- 
tions, the elements should be taken from the unabridged 
Nautical Almanac, one copy of which is supplied to each of 
H.M. Ships. 

In this Almanac the declination of the sun is tabulated to 
decimals of a second of arc; the equation of time and the right 
ascension of the mean sun are tabulated to the second decimal 
place of a second of time. The declination and equation of 
time should be taken from page II. of the month, where they 
are tabulated for Greenwich mean noon ; the right ascension of 
the mean sun should be taken from the column headed 
‘“Sidereal Time,” and should be corrected by means of the table 
at the end of the Almanac for converting intervals of mean 
solar time into equivalent intervals of sidereal time ; this table 
is simply an extension of that given on page I. of the month in 
the Abridged Nautical Almanac for the correction of the R.A.M.S. 
The elements for the planets should be taken from that part of 
the unabridged Almanac where they are tabulated under the 
heading “Mean Time,” ; the elements for the stars should be 
taken from that part where they are tabulated for every tenth day. 

The double altitude observed should be corrected for index 
error; it should,also be corrected for another instrumental error 
of the sextant called centering error (C.E.). The result divided 
by 2, as.explained above, gives the apparent altitude of the limb 
which has been observed. The mean refraction for this altitude 
should then be applied and its correction for barometer and 
thermometer ; the semi-diameter should then be applied, and, 
lastly, the parallax in altitude. 

It is most important that the latitude and longitude of the 
spot where the observations are taken should be correctly 
known. If the “observation spot” is used, which is a point 
marked on the chart whose latitude and longitude were 
accurately determined during the survey of the locality, the 
latitude and longitude of this spot will be found in the title of 
the chart. If any other place is selected, its position must be 
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fixed on the chart; this can generally be done by sextant angles, 
the d Lat. and d Long. between the place and the observation 
spot being measured off and applied to the known latitude and 
longitude of the latter. 


Observations for error of chronometer are of two kinds :— 


(a) Absolute altitudes, by which is meant observations 
on one or both sides of the meridian worked in a 
manner similar to the “longitude by chronometer ”’ 
method. (§ 130.) 

(b) Equal altitudes, by which is meant noting the times 
when the body had equal altitudes E. and W. of 
the meridian. 


147. Error of the chronometer by absolute alti- 
tudes.—Under absolute altitudes are included three kinds of 
observations :— 

(a) Absolute altitudes of the sun or a star on one side of the 

meridian. 

(b) Mean of the results of absolute altitudes of the sun taken 

A.M. and P.M. 
(c) Mean of the results of absolute altitudes of stars ion 
East and West of the meridian. 


_. The following examples show (1) the method of working a 
single set of absolute altitudes of the sun and (2) the method of 
working absolute altitudes of stars East and West of the meridian. 

Hxample (1):—On March 3rd, 1914, at about 82 5™ a.m. 
(M.T.P. nearly), on the Observation Spot at Aden, Lat 
12° 47’ 11" N., Long. 44° 58’ 31” E., the deck watch was slow 
on G.M.T. (approx.) 25™ 06%. I.E., — 1’ 50’. Barometer, 
29-7 inches. Thermometer, 87° F. 

The following observations were taken to determine the 
error of the chronometers on G.M.T. (Opening suns) :— 


D.W. Diff. Obs. alt. © 
BY Rapid bit 20°0 49° 10’ Mark right. 


i 
bs 


A SL lee DA wie 49 20 

4 37 58°4 vA tte) 49 30 

4 DO aL oy ve 22° 2... “AQ 140 

4 38 41°4 23°) 49 50 
4 39 04°4 20° 4 50 00 Mark left. 
4 39 24°8 20°8 50 10 

4 39 45 °6 20 °4 50 20 

4 40 06°0 rane 50 30 

4 40 28°0 20°O 50 40 

4 40 48°0 50 50 


11/429 30° 
Mean 4 39 02°75 50 00 
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Dec. 
M.T.P. 20505" 0* Mar. 2nd. Obs. alt. © 50° 00’ 00” 7° 01’ 59”-8 S. 57°36 
G.D. 1705 0 Mar. 2nd. 49 58 10 7 08 37°38. 17208 
D.W. 4°39" 03s eT wt 34416 
Slow 25 06 ——_—____ 
me reel © 2/49) 92: 90 60 /397-5048 
1200 00 ‘Mean ref. = OnO5 
———_— : Kq. T. 
G.M.T. 94 57 20 12™ 148-52++o A.T. 
approx.17 04 09 Cor. to Mean - —13 +3 :60 52 
aE ref. ——————— —s ————— 6°93 
9457 07 12 18 -12+to A.T. wenn 
S.D. +16 09 ee 1396 
ee 3465 
ZouloelG 
Parallax +8 3°6046 
True alt. © 25 13 24 
True z 64 46 36 
DL. 12°47'11"N. LDL sec 0:01091 
a: 7 08 37S. Lsec 0°00338 
(L.+D.) 19 55 48 
Py 64 46 36 
 e+(L.+D.) 84 42 24 4 TL hav 4° 828467 
z—(Z.+D.) 44 50 48 4 TI hav 4° 581434 
L hav H, 9°424191. A.T.P.. 19%51™50s 20 
Eq.T. +12 18:12 
M.T.P. 20: 04:08:32 
Long. 2 59 54°1 (H.) 
G.M.T. 17 04 14°22 
D.W. 16 39 02°75 
Slow Oe 2yall Ae 
The deck watch was 25" 11°-55 slow on G.M.T. 
The foliowing comparisons were made :— 
Before landing— 
A . 71 117 00: 
D.W. - a1) 47 ©15°2 
D.W. slow - 3 28 44°80n A 
After return on. board— 
A 95 20™ 005 A 9h 21™ 00s A 9b Oi 30s 
mew.5 56 13:2 B 7 14 465 C 1Tlesj39 10°35 


Slow 3 23 46°8 


Slow 2 06 15 


Slow - 10. 08 .19°50n A 
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Change in comparisons between D.W. and A in 2 seconds. 
OLIN: Pere # too 


D.W. at Ist colt tai - 
2nd 


Elapsed time by D.W.: - 
D.W. at middle observation 


99 


39 


D.W. at 2nd comparison 


Hlapsed time by D.W. 


67°2 x 2 


129 


D.W. slow on A on return 


5 56 
2 08 


4 39 
5 56 


Lpyld 


=— |*-04 


13°2 


58) == 130" 


02°75 
13°2 


10°45 = 67"°2 


3» 23™ 465°8 


—1 -04 


Mean comparison, D.W. slow on A - 
D.W. slow on G.M.T. 


A fast on G.M.T 


A slowonGM.T. - 


B slow onA - 


B slow on G.M.T. 


A slow on G.M.T. - 
CslowonA - 


C slow on G.M.T. 


Hxample (2):—On April 29th, 1914, at about 6" 45™ p.m. 
(M.T.P. nearly) at Hobart, Lat. 42° 53’ 22’’ §., Long. 147° 20’ 
28'’ E., the deck watch was slow on G.M.T. (approximately) 
Barometer, 


TL? 453% 


O08. 
Thermometer, 43° F. 
The following observations were taken to determine the 


LE., + 1’ 10”. 


3 23 45 °76 
0 25 eee 


2 58 34-29 
12 00 00 
9 O01 25-71 


2 


= 


06 15 


- ll 07 ae 


o% Clo ae 


- 10 08 19°5 


errors of the chronometers on G.M.T. :— 


Spica (E.). 


D.W. 
gh 5Amos-g 


- 20 56 


Diff. Obs. D. Alt. 


2Gab 
28°0 
21°6 
242 
28°0 
27°6 


6h 45™ 
9 49 215-87 (E,) 


51° 
bal 
D2 
52 
D2 
D2 
D2 


40! 
50 
00 
10 
20 
30 
40 


a2 10 


April 29th 


April 28th 


R 
DW. 


02.0275 


9 03 19-2 


Ve Ble Ade ide) 
CC 
Ol HK H OS 
ee 
Sere aoa 
OH HE RDO 


9 05 40°8 


7/29 51:2 


9 04 15°8 


ce 


7 09 45 21 


28°3 


igel (W.). 


Diff. Obs. D. Alt. 
54° 40! 
D4 30 
20 


28°4 
28°0 
29 2) 
21-6 
28°4 
28° 4 


D4 
54 10 


9 04 10 


inches. 


D4 00 
D3 50 
53 40 
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Spica (E.). 
D.W. - 8 55m 32 
Slow - ll 53 
G.M.T. - 


20 48 32 approx. 


. R.A, 
Obs, D.alt.52° 10’ 00” 


Art. 147. 
Rigel (W.). 
D.W, epi ae O4™ LS 89 
Slow -: 11 53 
G.M.T, 


~ a0 5¢ 15°89 approx. 


R.A. 
Obs. D.alt.54° 10’ 00” 


LE, | +110 13°20" 425-03 LE. +1 10 5h 10™ 248:39 
52 11 10 54 11 10 
C.E. +40 Dec. C.E. +40 Dec. 
2/52 11 50 10° 43/03”"°85. 2/54 11 50 8° 17! 587: QS. 
96 05 55 27 05 55 
Mn Ref) —1°59 ~ RAMS. -Mn, Ref. +1°'54 R.A.M.S. 
96 08 56 =. _— «BAmO"7s-18 27 04 01 Qho9m 978-18 
Cor —3 For 2083 17°13 Cor. ~aOUHOMeUeto wily ko 
ee er AS). 7-88 ———— ,, 57™ 9°39 
26 03 53 ,, 325 09 2035.58) an L68 04 
Z 63 56 07 2 25 52°28 29 53°74 


DL, 42° 53! 22" 8. L sec. 0°13509 


a 62 56 02 


DL. 42° 53' 22" §. L sec. 0°13509 


D.10 43 04 8. L sec. 0:00764 D. 8 17 58 S. L sec. 0:00457 
32 10 18 34 35 24 
z 63 56 07 z 62 56 02 
96 06 25 40 hav 4°871438 97 31 26 40, hav 4°876205 
31 45 49 40 hav 4°437168 28 20 38 32 hav 4°388869 
Lhav H. 9:451336 Lhav H. 9:°404734 
a - - - 19543" 025-08 H. - - 4h 02048 ° 88 
RiuAs. i - - 13 20 42-03 ReAGe ee - - 5 10 24°39 
33 03 44°11 9 12) 29°27 
R.A.M.S. 2 25 52:28 R.A.M.S, 2 25 53°74 
1 A A Se - 6 87 51°83 SOLE - - 6 46 35°53 
Long. - - - 9 49 21°87(H.). Long. - . 9 49 21:87(E.) 
G.M.T. - 20 48 29°96 G.M.T. - - - 20 57 13°66 
7 8 55 32:00 D.W. - - - 9 04 15°89 
D.W.slowonG.M.T.11 52 57:96 D.W.slow on G.M.T. 11 52 57°77 
11 52 57°77 ————— 
2/115°73 


Mean error, slow - 11 52 57°86 


Art. 148. 208 


The following comparisons were made :— 
Before landing 

hae P 

ID SWar i. 


7h 31™ 00: 


“ 


7 26 12°8 


D.W., slow 0 04 47:2 0n A 


After return 
A. -105 117 005 
D.W. 10 06 12 


04 48 


A 
Bite 


= LOR 12) 00% 
Map vole 


D.W. slow 0 Bslow 3 00 28°5 


A. LOS Seso 
C - 9 56 14 


C slow 0 16 l16o0nA 


Change in comparison between D.W. and A is 0°8 second. 


D.W. at lst comparison - 126" ates 
Pan $ -10 06 12 — 
Elapsed time by D.W. - - 2 39 59°2=160". 
D.W. at mid-observation Spica - 8» 55™ 328-0 
: 7 »  , deigel e9 . Oden 1b Se 
2/17 59 47-89 
Mean D.W. time of observation 8 58 53°94 
D.W. at 2nd comparison - 10 06 12 
Elapsed time - - 1 07 180057355 
GUS OCB oad 
160 | 
D.W. slow on A on return” - - - OF 04™ 48s 
— 34 
Mean comparison D.W. slow on A 0 04 47°66 
D.W. slow on G.M.T. - - - 11 52 57-86 
A slow on G.M.T. - 11 48 10°20 
B slow on A - - 3 00 28°5 
Helenan G.M.T. 2 48 38:70 
A slow on G.M.T. - 11 48 10°20 
C slow on A - : O16. 516 
C slow on G.M.T. 0 04 26-20 


148. Errors involved in absolute altitudes :— 


Absolute altitudes on one side of the meridian. — In 
this observation the following errors are involved :— 


Instrumental error, shade error, roof error, 


error due to 


irradiation, error due to abnormal refraction, and personal 


error. 
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Instrumental error.—This includes all unknown errors 
of the sextant, and its effect cannot be eliminated. 


Shade error.—This is due to the fact that the two 
rays, from the horizon glass and artificial horizon, 
pass through different shades hefore reaching the eye, 
and these shades may have different errors. The pos- 
sibility of shade error is avoided by using a dark eye- 
piece on the telescope, for both rays will then be affected 
in the same manner whatever may be the error of the eye- 
piece. For this reason a dark eye-piece should always 
be used when taking these observations in preference to 
the sextant shades. 


Roof error.—This is due to lack of parallelism between 
the faces of the glass used in the roof of the artificial 
horizon, and may be eliminated by reversing the roof of 
the artificial horizon half way through the set of obser- 
vations. 

Error of wrradiation——This is due to an optical 
illusion, strongly illuminated objects on a dark ground 
appearing much larger than they really are. This error is 
eliminated by taking two sets of observations, one of the 
upper limb and one of the lower limb, working each 
separately and taking the mean of the results, and by 
using the darkest eye-piece through which the limb of 
the body can be clearly distinguished. 

Error due to abnormal refraction.—This cannot be 
eliminated. | 

Personal error.—This is due to a peculiarity of habit 
of the observer and cannot be eliminated. 


Mean of the results of absolute altitudes of the sun 
taken A.M. and p.mM.— We have seen above that the 
instrumental error, and the error due to abnormal refraction, 
cannot be eliminated in absolute altitudes on one side 
of the meridian ; if, however, absolute altitudes are taken 
on both sides of the meridian when the sun has about the 
same altitude, these errors to some extent cancel one 
another. 


Mean of the results of absolute altitudes of stars 
taken East and West of the meridian.—The most 
accurate results are obtained from absolute altitudes of 
two stars, one East and the other West of the meridian 
and of about the same altitude, the interval between the 
observations being as brief as possible. 

The effects of errors in this and in the preceding case 
are as follows :— 


Instrumental error.—This has an approximately equal 
and opposite effect on the error of the deck watch obtained 
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from the two observations, and therefore nearly disappears 
in the mean of the results. 


Roof error.—When observations are taken on both 
sides of the meridian, it is unnecessary to reverse the roof 
of the artificial horizon half way through each set of 
observations ; but the observer should be careful to note 
that the mark on the roof is in the same relative position 
at each observation, 2.e., mark right or mark left at each 
observation. 


Abnormal refraction.—This has an equal and opposite 
effect on the error of the deck watch at the two observa- 
tions, provided that the atmospheric conditions have not 
changed. For this reason the second of the above two 
methods of obtaining the error of the chronometers is 
regarded as the more accurate. 


Personal error.—The personal error cannot be elimi- 
nated. 


149. Error of the chronometer by equal alti- 
tudes.—To ascertain the error of the chronometer as exactly as 
possible with sextant and artificial horizon, we must endeavour 
to get rid of the instrumental and other errors, and this is 
attained by observing at equal altitudes East and West of the 
meridian. It will be evident that whatever be the instrumental 
and other errors, supposing them to remain unaltered, the 
middle time between the observations will be the same; for 
whatever tends to make the observed altitude more or less in 
the forenoon will act in the same manner in the afternoon, and 
as we do not want to know what that altitude is, but merely to 
ensure that it 1s the same A.M. and p.M., the amount of the errors 
is immaterial. The method of equal altitudes therefore should 
be used whenever we wish to get the error very exactly. 


Equal altitudes of the sun can be taken either in the 
forenoon and afternoon of the same day so as to find the error 
at noon; or in the afternoon of one day and the forenoon of the 
next to obtain the error at midnight. ' Theoretically these two 
are equally correct, but it is better to get the error at noon 
because in this case the elapsed time is less and gives less 
latitude to the chronometers and deck watches for eccentricity. 


The principle of finding the error of chronometer by 
observation of equal altitudes is that, as the earth revolves ata 
uniform rate, equal altitudes of a body on either side of the 
meridian will be found at equal intervals from the time of the 
meridian passage of the body, and therefore the mean of the 
times of such equal altitudes gives the time of the meridian 
passage. | 
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In the case of stars, the declinations are practically constant, 
so that this is strictly true, and the calculation of the error of a 
chronometer is confined to taking the difference between the 
mean of the times shown by the chronometer and the calculated 
time of the meridian passage (§ 125 (6)). 


Thus, let t, be the time by the chronometer at the first 
observation, and t, the time at the second, then a6 is the 


chronometer time of the meridian passage of the body, 
which, compared with the true time of meridian passage 
(R.A. % — R.A MS.) gives the error of the chronometer at the 
time of the meridian passage of the body. 

In the case of the sun, however, the declination is aucenae 
changing; the altitudes are thereby affected, and an altitude 
equal to that observed before meridian passage will be reached 
after meridian passage, sooner or later according to the direction 
of the change in declination. 

It is therefore necessary to make a calculation of the 
correction resulting from the change in declination, to be 
applied to the middle time in order ‘to reduce it to apparent 
noon. ‘This correction is called the “equation of equal 
altitudes.” 


150. Formula for the equation of equal altitudes. 
—In Fig. 131, let X, and X, be the true places of the sun at 
the times of the a.m. and P.M. observations respectively, and let 
(D + dp) and (D — dp) be the declinations at those times, dp 
being the change of polar distance (or declination) in seconds 
of arc in half the elapsed time. 

Let the celestial meridian PA bisect the angle X,PX,, then 
if ¢, and ¢, are the chronometer times at the two observations, 
the sun will be on the meridian PA when the chronometer 


i, +t, 


time is 4 5 


*, and therefore, if we apply the angle APS to the 


mean of the chronometer times, we obtain the chronometer 
time at which the sun is on the meridian of the observer. '[his 
angle APS is the equation of equal altitudes and will be 
denoted by e. 

Let ZPX, be a triangle equal in all respects to ZPX,, then 
since PS bisects the angle X,PX, and PA bisects the angle 
aE es, 

4 X,PX,. 


Let PX be a celestial meridian bisecting the angle X,PX; ; 
let X,X, be the arc of a small circle whose centre is Z and 
intersecting the celestial meridian PX in X, then 

6m A PX On AP Xe, 


Since PX is the mean value of PX, and PX,, the declination 
of X is D, which is very nearly the declination of the sun at 
apparent Noon. ~ 
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Let the parallel of declination through X intersect PX, in 
K; then, since the triangle XKX, is so small, it may be 
considered a plane triangle right-angled at K, and we have 

e= XPX, = XK sec D = KX, cot KXX, sec D 
= KX, tan ZXK sec D 
i CaO CObua A A secmio. 


or, if e is expressed in seconds of time 


e= #8 Cat PXZ sec D. 


Therefore the time shown by the chronometer ,at the «instant 
when the sun is on the meridian of the observer is 


a - ae Boot PXZ sec D (seconds). 

When applying the equation of equal altitudes to the mean 
of the chronometer times, care should be taken to give dp and 
cot PXZ their proper algebraical signs, dp being positive when 
the polar distance is increasing, and vice versa. 


dee reload bea a 


151. Errors involved in equal altitudes. — The 
effects of errors in this observation are the same as in the 
case of stars observed Kast and West of the meridian, except as 
regards the instrumental error, which has no effect provided 
that it has remained constant in the interval between the 
observations. 


152. Example of error of chronometer by equal 
altitudes.—Hxample :—On April 28th, 1914, at Zanzibar, 
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Lat. 6° 09’ 43” S., Long. 39° 11’ 08” E., the following observa- 
tions of the sun were taken to determine the errors of the 
chronometers on G.M.T. :— 


A.M. PEM, 

D.W. Diff. Obs. alt. © DAVE Diff. Obs. alt.© 
eee 21°6- 68° 10" * 8 28™548:0  21°6 +69° 50’ 
Meee «716° 6668 620°. 8 29 156 220 69. 40 
fee) 2204.68 80° 8. 29 937°6 -21°2 , 69 30 
eee Ol 2 68-40. 8 29 58°8 21°6 69 20 
Meets 22) 68. 50,, 8 30 .20°4 -21°6 69 WO 
Meee Ole? 69 00. 8 30 ,.42°0. 21°2 69 00 
meee, 216 - 69:10 8 381 03°2 22:0. 68 50 
meee 2b Oh - 69 20" 8r3sl. 25:2. 21'2 68:40 
meee 2), 6 09 80.,,..8 Sl 46°4  22°0 68.30 
Meee 2h 2.) 669 40:0CU Sl 2, 084 21°56, 68 20 
e620: 3 Deen." By Beets hy 68 LO 

11/392 300 11/337 41°6 
1 35 40°91 Oo. S041 96 
Comparisons A.M. :— 
Before landing— 
: - = 4 35™ 008 
D.W. = OFMAFM ADs 2 


D.W. slow - 4 05..10°8 on A 


After returning— 
- pa OPE 722 00% 
D.W. - 2 41 50°4 


D.W. slow- 4 05 09°60n A 


Change in comparisons between D.W. and A is 1°2 seconds. 


D.W. at first comparison - a OB 27 4.9852, 
D.W. at second comparison - 2 41 50°4 
Elapsed time by D.W. . eee 4 Ole? — Lode 
D.W. at mid observation - = Le 35 404591 
D.W. at 2nd comparison - - 2 Al 50-4 
Elapsed time by D.W. - - | 06 09°49 = 66":1 
66-1 x12 _ xy, 
= Sa ep ieee 
D.W. slow on A on return - 4" 05™ 095-6 
“59 


Mean comparison A.M. D.W.slow 4 05 10°19 on A 
D.W. at mid observation - - 1 35 40°91 
5 


Mid observation by A - : 40 Sill 


u 17415 P 
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Comparisons at apparent noon :— ns 
vA - Oh QQm OOs A gh 1O™ OOS A - 9b 10” 380° 
DW. 5910p Bol 5 B - 7-11 46°5,. C.. - (6 OGRE 
Slow 4 05 08:2 Slow: 1 58 18-5 Slow 3. 05 01:00on4 
Comparisons P.M. :— Of 
Before landing— 
A ace EL eS. 
D.W. 7 25 -83°2 


D.W.slow 4 05 06°8 on A 


After returning— 


. Ae 15 °46™ 005 
D.W. 9 40 54°8 
4 05 (05:2 ona 


D.W. slow 


Change in comparisons between D.W. 
D.W. at Ist comparison 
D.W. at 2nd comparison 


Elapsed time by D.W. 


D.W. at mid observation 
D.W. at 2nd comparison 


Elapsed time by D.W. 


and A is 1‘6 seconds. 
7% 25m 532 
9 40 54°8 


OF m 
(oT, 


2 15 5 Ole =a 


8" 30™ 415-96 
9 40 54°8 


2 


1.10 12:84 =4705e2 


(OC TL eo hae 
; erak =—— = °83' 
D.W. slow on A on return - - - 4b 05™ 05*-2 
83 
Mean comparison P.M., D.W. slow 4 05 06:03 on A 
D.W. at mid. observation - . - 8 380 41°96 
Mid. observation by A - - - 0 35 47°99 
A.T.P. + 24" 00=*O00HADpL Oth a Deer -IStstos' G21 ane 47.60 
Long. - 2 36 44°53 (B.) —2 06:1 2°65 
G.A.T. 7A Wane es SPN Ws. Ys 18 56 I5N. 23800. 
Eq. T. (appx.) — 2 28560 
9520 
G.D. eat Apl. 27th 60 /126- 1400 
2! 06"-1 
GALT, 21" 23™ 15°-47 
quits —2 27°04 Kq. T. 2™.28%:07 —-to A.T. *388 
— — 1°03 2°65 
G.M.T. - 21° 20° 48°43 
——e | 1940 
2 27°04 —toA.T. 2828 
——— 1776 
102820 
Mid. observations a.m. by A 5" 40" 518-10 aR 
Mid. observations P.M. by 4 12 35 47 -99 
Elapsed time by A 2/6 54 56 °89 
4 elapsed time by A 3 27 28 +44 = B45 
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To find the angle PXZ— 

ZPX: 8h 277 985-44 L hav 9:°28161 
L pee, 437 5. TI eos 9:99748 
D foes oO" bo. N. I cos . 9:98702 
(LZ + D) 20 05 58 L hav 6 9- 26611 
Nat hav 6 -18455 
Nat hav (ZL + D) :08045 
/ Nat hav ZX -21500: 
Xa ew Lot 
ZX Foo" Lo! 00" LT cosee 0°08531 
PX L0seeoG bb I cosee 0:01298 

48 41 15 

PZ Boao) 17 
132 31 32 LP ay 4°96160 
Bo 09 (02 4L, hav 4° 4.7994 
Tvhav’ PXZ 9-53983 


To find the equations of equal altitudes — 
= s cot PXZ sec D. 


EX Ze = sean Von Oy 


Bounly change in declination 47/’:60 log 1°67761 
% elapsed time Oh 40 log °53782 
PXZ 72° 08! 00" FL cot 9°50833 
D 18° 56’ 15” LT sec *01298 
| 1°73674. 
15 log 1-17609 
log e °56065 
e= + 3°°64 
the + sign is given because dp is + and cot PXZ is +. 
| Mid observation A.M. by A 5b 40™ 518-10 
Mid observation p.m. by A 12 35 47-99 
2 [38 16°. 39° 209 
Mean of chronometer times 9 08 19 “54. 
Equation of equal alts. +3 °64 
A chronometer at noon (A.T.P.) Weaoe som Le 
G.M.T. at noon (A.T.P.) 21.20 48 -43 
A slow on G.M.T. at noon (A.T.P.) 0 12 25 -25 
B slow on A 1 58 13:50 
B slow on G.M.T. at noon (A.T.P.) 2 10 38 “75 
A slow on G.M.T. at noon (A.T.P.) ie 12. 95 25 
C slow on A 305 01 “00 
3.17 26 .25 


C slow on G.M.T. at noon (A.T.P.) 
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When taking equal altitudes it is necessary to determine at 
what time by the ship’s clocks the second set of observations 
should be taken. In the preceding example it is required to 
find at what time (S.M.T.) the observer should have been ready 
to take the p.m. set of observations. 


D.W. of last observation A.M. 2 - 1) 38™ 
Slow on G.M.T. (approx.) - - - - 4 18 
G.M.T. of last observation A.M. ss = - 5} eae 
Long. - - - > ~ 2 = - 2 
S.M.T. of last observation A.M. : = - ewe 
Hage ely 2 . a - x 5 fs ao 
S.A.T. of last observation A.M. E . eee 
127 
S.A.T. of Ist observation P.M. : ie 
Wigeals - E : > - 2 4 29 
S.M.T. of Ist observation P.M. rc 


Therefore the observer should have been ready by about 
oa ey OP Ae | 
153. Summary of necessary comparisons.—The 
following comparisons are necessary when taking observations 
on shore for finding the errors of the chronometers. 
For sun equal altitudes :— 
(1) Before landing a.m., between D.W. and A chronometer. 
(2) After returning A.M., between D.W.and A chronometer. 
(8) At apparent noon compare all chronometers and deck 
watch with A chronometer. 
(4) Before landing pP.M., between D.W. and A chronometer. 
(5) After returning p.M., between D.W.and A chronometer. 


The Ist, 2nd, 4th, and 5th comparisons are necessary to obtain 
the mean comparison in the forenoon and afternoon. The 3rd 
comparison is required because equal altitudes give the error 
at apparent noon. 

If observations are taken P.M. on one day and a.m. on the 
next, the 3rd comparison should be made at apparent midnight. 

For absolute altatudes on both sides of the meridian. mh: 
same comparisons are required as for equal altitudes. 

For absolute altitudes on one side of the meridian.— 

(1) Before landing, between D.W. and A chronometer. 

(2) After returning, between D.W. and A chronometer ; 
the A chronometer should also be compared with 
the others. 

For absolute altitudes of stars Hast and West of the meridian. 
—The same comparisons are required as for absolute altitudes 
on one side of the meridian. 
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154. Notes on observations for error of chrono- 
meter.—'lhe sun or heavenly body selected should fulfil the 
following conditions :-— 


(a) It should be of sufficient altitude to be visible in the 
artificial horizon, that is, above '15°. with: the 
instruments usually supplied. 

(b) The altitude should not be greater than about 60° in 
order that the double altitude may go conveniently 
on the limb of the sextant. 

(c) The motion in altitude should be sufficiently fast for the 
time to be noted very exactly. 


To determine the speed of a body in altitude at any 
instant, let X and Y be the true places of a heavenly body 
when its hour angles are H and (H.+ dH) _ respectively, 
Bice 52) 


8 
Bre: 3l32: 


Then XY = dH cos D. Let XK be the arc of a small circle 
described with Z as centre, then YK is the change of altitude 
for the change of hour angle dd. 

_ The triangle Y XK, being small, may be regarded as a plane 
triangle right-angled at K; therefore, denoting the change of 
altitude by dz, we have 

BENS ILD NWT MOD 
X¥*cos PX K 
XY sin PXZ 
cos L sin A 
cos D 


where A is the azimuth of the body, 


ll Ul ll 


| 


> 
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- dz = dH cos D Sas hag 
ae cos D 


= 4 “Cos p-sin ae 


Therefore if dH is expressed in seconds of time and dz in minutes. 
of are we have 


dH A 


This is the speed of the body in altitude, expressed in minutes 
of arc per second of time. 


When the altitude of a heavenly body changes 5’ (10! of 
double altitude on the sextant) in 35 seconds of time, that is 


dz --cos L sin A 


when the speed is “ae satisfactory results are obtained, and 


when there is any choice, observations of bodies whose speed is 
less than this should not be taken. Therefore, from the formula, 
we have 


es 1G rine A is not less than a 


or 


4 
sin A is not less than 7 sec 1, 
To summarise these three conditions :—The altitude of the 
body should he between 15° and 60°, and if A is the azimuth 
of the body, A should he as nearly 90° as possible, and in no 


case should sin A be less than = sec L. 


7 

In the winter in moderately high latitudes the sun will not 
fulfil the conditions above, but stars can always be found which 
will more nearly do so. In England and corresponding lati- 
tudes the sun is useless for some months, and at midwinter its 
altitude is so small that it cannot be observed in the artificial 
horizon even when on the meridian. 

In Inman’s Tables there is a table which gives the hours, 
depending on the latitude and declination, between which it is 
possible to take observations of the sun in an artificial horizon 
for error of chronometer, having regard to the conditions stated 
above. | 3 

When about to take observations, select a place remote from 
traffic and sheltered as far as possible from the wind; the 
ground should be solid or the mercury will tremble ; avoid 
artificially made ground, If possible use the observation spot 
given on the chart; if not, fix your position by sextant angles 
and station pointer, plot it on the chart, and then measure off 
its exact latitude and longitude. | 

When selecting a place for observations on both sides of the 
meridian, do not go so close to buildings, trees, or hills which 
may obscure the body when at the required altitude on the 
other side of the meridian. RCA ape is 
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See that the horizon trough is clean and free from dust; 
place it in the direction of its shadow (if using the sun), and put 
the roof over it except at oneend. Remove the cover and screw- 
plug from the mercury bottle and screw the cover on again ; 
put a finger on the hole, invert the bottle and keep it in this 
position for a time so as to allow the scum and impurities to rise 
through the mercury; then fill the trough, but do not pour in 
all the mercury. or the scum will flow in also and cloud the 
surface ; then put the roof on properly. 

When packing up a mercurial artificial horizon, put the 
mercury bottle in the wooden box before hfting up and emptying 
the trough; if any mercury is spilled, it is then caught in the 
box and can be recovered. 

Before taking observations remove any existing side error 
(Part IV., Chapter XXVIII.) from the sextant, and, take and 
record the index error. If taking index error on any occasion 
when the sun is low, measure the diameter between the right 
and left limbs, and not between the upper and lower limbs, on 
account of refraction. 

For the sun use the inverting telescope with the highest 
power. eye-piece; the bigger the sun’s images appear in the 
telescope the better can a contact of the limbs be observed. 
The loss of light due to a high power is of no importance. 

Bring the images together roughly before screwing in the 
telescope, and see that the tangent screw has been run ‘back in 
the right direction. ‘The image which moves in the field of 
view when the index bar is moved is the reflected image; if 
this 1s above the direct image when using the inverting tele- 
scope, you will be observing the upper limb, and if below, the 
lower limb, whether the body is rising or setting. 

Take sets of upper limbs and sets of lower limbs alternately 
and take an equal number of sets of each; this obviates the 
effect of irradiation (§ 148). Seven, nine, or eleven is a good 
number of observations to take in a set. 

At the end of each set of observations look at the deck watch 
and see that the right minute has been written down. 

Twilight is the best time to observe stars if suitable stars can 
be found : ; for if it is dark a lantern or ight is required by the 
time-taker, and this is liable to disturb the observer’s vision: 

When getting a star down it is best to approach very close 
to the artificial horizon, as there is then less chance of observing 
the wrong star.. It is often useful to calculate what the altitude 
of the star will be and to set twice that altitude on the sextant. 

A star has no appreciable diameter, and the contact occurs 
when the reflected and direct images flick across one another. 

The surface of the mereury in the artificial horizon is 
perfectly hor izontal at any place where the direction of gravity 
(the plumb line) is normal to the earth’s surface at that place. 
In the immediate neighbourhood of mountains the direction of 
gravity slightly deviates from the vertical, and the surface of 
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the mercury is consequently not truly horizontal ; therefore such 
a locality should be avoided. when observations with the artificial 
horizon are required. 


155. The rate of the chronometer,-—As regards the 
rate of the chronometer, it would at first appear that it is only 
necessary to obtain errors at the same time on two successive 
days, and that the difference between these errors would be the 
daily rate. This would be so if we were able to guarantee that 
the errors found were exactly correct, but as each may be 
inaccurate by some small amount, it is obvious that the result- 
ing rate would be vitiated by the sum or difference of the 
inaccuracies in the errors. 

For this reason we obtain the errors at an interval of some 
days, and*the resulting rate will then only be in error by 
the sum or difference of the inaccuracies of the observed errors 


number of days. 


Thus it appears that to obtain the rate as accurately as 
possible the interval between the observations should be large. 
This would be true if the chronometer were always to maintain 
a steady rate, but the rate of a chronometer seldom remains 
steady for many days together ; it varies with change of tempera- 
ture, and is often different according as the ship is at sea or in 
harbour. 

Taking the above into consideration, it is generally accepted 
- that the interval between observations for error of chronometer, 
in order to obtain the rate, should not be less than six days or 
more than ten days. 

To obtain the rate as accurately as possible, the observations 
should be taken in such a manner that the sum or difference of 
the inaccuracies in the observed errors is as small as possible. 
It is obvious that, if the inaccuracy of each error is in the 
same direction, the resulting rate will be in error by 

the difference of the inaccuracies in the observed errors 

number of days, 
and the observations should therefore be taken in such a 
manner that the inaccuracies are likely to be in the same 
direction. 

lor this reason, the two observations for a rate should always, 
if possible, be of the same nature, and it would be imprudent to 
obtain the rate from the difference of the errors obtained by 
absolute altitudes A.M. on one day and absolute altitudes P.M. on 
another day, for in such a case the rate would probably be in 
error by 

the sum of the inaccuracies in the observed errors 
number of days. 

To illustrate the above, suppose that the error of the chrono- 


meter was found from absolute altitudes a.m. on March 3rd, 
and that equal altitudes of the sun were observed on March 10th. 
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The error of the chronometer on March 10th was found in the 
ordinary way from the equal altitudes, but the rate was found 
from the difference between the error calculated from the 
absolute altitude taken on March 3rd, and the error found by 
working the a.m. set of observations taken on March 10th as 
absolute altitudes. 

It is important that the interval between the observations, 
often called the epoch, and expressed in days, should be 
determined as accurately as possible. When observations are 
taken at different places, it should be remembered that the 
difference of longitude is involved, and consequently it should 
always be made a practice to find the epoch from the Greenwich 
dates, thus :— 

Epoch = G.D. 2nd observation — G.D. Ist observation. | 

Hxample:—On March 3rd, 1914, at about 65 45™ p.m. 
(M.T.P. nearly) at Yokohama, Long. 139° 39’ 13’’ E., a chrono- 
meter was found to be slow on G.M.T. 35 14™ 57°34 (from 
observations of stars EK. and W. of the meridian). 

On March 11th, 1914, at about 65 15.7 a.m. (M.T.P. nearly), 
at Honolulu, Long. 157° 51’ 53"’ W., the chronometer was found 
to be slow on G.M.T. 3° 15™ 14°71 (from similar observations). 

Required the rate of the chronometer. 


lst error. 2nd error. 
MTP. 61.45" May. 3rd. 1 DUNG) 82 0 bes oea aes Mar. 10th. 
Long. 9 18 36::9 (E.) Long. 10 31 275-5 (W.) 
G.D. 21 26 Mar. 2nd. 28 46 Mar. 10th. 
—_—— er eres 24 00 
G.D. 4 4.6 Mar. 11th. 
G.D. at 2nd Obs’n 11¢ 04% 46™ Error at 2nd Ob’sn. 35 15™ 148:7h 
Prestige Obsn 2 21 26 Error at lst Ob’sn. oo Age As 
Epoch - Jt foil lpr i) Accumulated rate 17°37 
= 8°306 days meee nee neitin 
Leo 


Daily rate = 9739 = 2° 091 seconds losing. 


mete 
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PART II.—PILOTAGE 


CHAPTER XVI 


THE ADMIRALTY CHART AND ARTIFICIAL 
AIDS TO NAVIGATION. 


156. Coasts.—In Part I. navigation has been treated with- 
out special reference to dangers, such as rocks, shoals, &c. ; 
that part of navigation which is particularly concerned with the 
conduct of the ship when in the neighbourhood of such dangers 
is called pilotage, and will be dealt with in the two chapters 
comprising this part of the book. 


To conduct a ship in the neighbourhood of dangers, that is 
to pilot a ship, necessitates a knowledge of the coasts, dangers, 
and artificial aids to navigation such as buoys, lights, and fog 
signals, 

The coasts of countries take various forms; a coast may 
consist of vertical cliffs with deep water adjacent to them so that 
the coast line is very sharply defined, or it may be low with 
the adjacent water very shallow and the coast line indefinite. 
Between these two extreme forms there are many others too 
numerous to mention. 


On approaching land it is important to be Aah to recognise 
the coast which may come into view. To facilitate this, the 
nature of the coast and the prominent features of the adjacent 
land are indicated on the chart by a system of conventional 
signs and abbreviations, as shown below :— 


g.(5 thigh) 


$250) 


Islands and Rocks. 


The figures within brackets ex- 
press the heights in feet above the 
level of high water of an ordinary 
spring tide, or above the level of 
the sea in cases where there is no 
Steep coast. tide. 


=) 8 ois GC ie en 


Pit, A, WIC LL © OILOL AVU = [ 
of an iron or steel bulkhead or beam and the compass at the other 
end. The generator should as a rule be installed as far as con- 
veniently possible from the compass and the compass should be 
watched and checked in order to ascertain whether the deviation is 
being in any way affected. July 1923. 


PILOTS. 


PILOTS.—Caution.—In view of the danger and difficulty often 
attending the shipping and discharging of Pilots in exposed positions, 
the attention of Masters is directed to the necessity of obser. every 
precaution in manoeuvring their ships when a Pilot is either boarding 


or leaving, especially in cases where a vessel is in ballast and strong 
winds are prevailing. The Master or Officer in charge of the bridge 
should take care to satisfy himself, on dropping the Pilot, that the 
latter is well clear of the ship and particularly of the counter before 
the propeller is moved. June 1912. 


WRECK SYMBOLS ON CHARTS, 


The following additional definition regarding sunken wreck 
symbols shown on the Admiralty charts, has now been adopted to 
obviate the use of the dangerous symbol, which hitherto has been 
the only symbol applicable in the case of non-dangerous wrecks 
lying in less than 10 fms, (18"3). 


Signification.  - Symbol. 


“ 4 wreck lying in depths of less than 
10 fathoms (188), which is not a 4 Wreck 
danger to surface navigation, but over Hh 


(year) 
which the exact depth 1s unknown” 

This definition will be added to the existing definition of the 
above symbol in the next edition of chart No. D.11 “Signs and 
Abbreviations.” The remaining wreck symbols in use are as shown 
on the latest edition of this chart dated 18th June 1923 [Small 
Corrections 1925-1650]. July, 1926. 


NGin i* Of i926, 


To accompany Admiralty Notice to Mariners N° Z 231 of 1927. 


r 
: Wrecks | : 
Stranded Wreck showing any portion of the hall war, 


Wreck 9 or superstructure above Low Water. | 
Wreck of Wreck over which the esocact depth 55° Wr ode 
knowndepth at Low Water is known. ee 


Dangerous Wreck over which the esocact depth of water Seed 
Wreck is unknown but which is. comsiderea H+ 
dangerous to surface navigation. 


Non~ Wreck over which the exact depth isunknown 

dangerous but which is not considered dangerous to 

Wreck surface vessels capable of navigating tn the 
victnity: 


Remains of Remains of aw Wreck nolonger dangerous 
Wreck to surface navigation, but: to be avoided +. : Foul 
by vesseis anchoring,trawling, etc 


Old Symbol Partially or wholly submerged wreck, 1 Wreck 
where depth over ts unknown _ 
Note —On the largest scale charts affected the year date 
of the wreck, uv known, will be inserted Uf space 
pernuts 


223 Art. 156. 


RSS RRR 
ih) ‘1 
LETS 


iS} Dries 27: 

Rocky ledges and isolated rocks, 
dry at low water of ordinary spring 
tides. 

The underlined figures, on the 
rocks which uncover, express the 
heights in feet above the level 
of low water of ordinary spring 
Stony or shingly shore. tides unless otherwise stated. 


Breakers along a shore. 
Sandy beach and banks, dry at 
low water of ordinary spring tides. 


VASA 


Sand hills or dunes. 


Stones, shingle, or gravel, dry at 
low water of ordinary spring tides. 


Cultivated lana: 
afi. be 


ghte AE T pe ee 
; : “Firs Palms Casuarinas 
Mud banks, dry at low water of recat 


ordinary spring tides. 


Mangroves. 


feud! ln 
_ Wea 
SMawNits - 
Sand and gravel, or stones, dry at —% 


low water of ordinary spring tides. ~ Towns, villages, or houses, 


4 
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> ee 


Villages or houses. 


+ ae os 
Sand and mud, dry at low water 
of ordinary spring tides. Churches or chapels. | Temples. 
she ba 
B. oar S 
we a rN 


Windmills. Triangulation Station. 


MyA3 4 eee 


Nas cas : 
aan SE an ba a 
iene ie Beacon, chimney, flagstaff, or other 
. Coral reefs. fixed point. 
Roads" - ME Ue see 
Track or 5 
Footpath: [\" (597555 33. eee 
Railway - 
Swampy, marshy, or mossy land. Tramway 


The configuration of the land is shown on the charts by 
the heights of various points, the heights of the summits of 
prominent hills and other elevated points being shown by figures 
within brackets. Heights given on the charts are those above 
the level of high water of ordinary spring tides, unless otherwise 
stated in the title of the chart. On some charts the configura- 
tion of the land is delineated by means of contour nes, which 
are lines drawn through all points of the same height on the 
same undulation. ‘These lines are drawn for various heights, 
the difference between any two consecutive lines being the same, 
so that the proximity or otherwise of the contour lines indicates 
at a glance the slope of the land. 

Views of prominent points, entrances to harbours, &e., are 
shown on some charts; the positions from which the views are 
taken are also shown. Views are shown in Fig. 142, Chapter 
XVIII. (page 281). 

157. Dangers.—In the vicinity of coasts (and sometimes 
at a considerable distance from them) small isolated rocks 
frequently exist, some of which are well above the surface of 
the sea while others are just below it, or at one time above and 
at another time below it according to the state of the tide. An 
indication of submerged rocks is sometimes given by the 
presence of kelp or seaweed on the surface of the water. Rocks 
and dangers, with the floating beacons, &c., which sometimes 
mark them, and reported dangers, called vigias, are shown 
on the charts by means of the following conventional signs and 
abbreviations :— 


age tite, 
mor {mj 52: Wreck 
be oa) (191?) 


Rock awash at low water of ordinary Wreck, the depth over which i is 
spring tides. known. 


‘ 
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Ga VOW W te ta hai 
an eT inh tak 
Rock with less than six feet of water d 

over it at low water of ordinary » Wreck, partially or wholl y submerged, 

spring tides. the depth over which is unknown. 

On small scale charts this symbol is 
used for rocks with greater depths of 


»» Ns 
ww KS i 
water over them. RS reel 
AVATITTTONUTUOTTNUOTOOOIOT ~) \) i 
7] 
ee aes Mbt, 
ete 20 Fi Pa 
a Fishing stakes. 
ae Res ges cit 


Rocks with limiting danger lines. 


(siPD “siPD 


“eaet eee 


eueepate emia} >| 
Ae eh 


Rock or shoal, the position of which Fixed or floating beacons. 


is doubtful. 


S3ED £ED wy wh 


? 
it ae DE es) 


Reported rock or shoal, the existence 


Tishe vossele Ouitoate 
pees doubtful. Sein A ARS A aah 


The actual position of a floating 
beacon or light vessel is the centre 
of the water line as depicted on the 

chart, and is often marked by a 
Kelp. small circle. 


158. Depth of water.—The depth of the water at any 
spot, as found from the soundings taken at the time of the 
survey, is indicated by a number which shows the depth in feet 
or fathoms (as stated in the title of the chart) when the level of 
the surface of the water is at a certain height. This level or 
datum is that of the surface of the water at low water of ordinary 
spring tides, unless otherwise stated in the title of the chart. 

A bench mark is a mark on a dock wall, or in some con- 
venient position, to the level of which the datum of the soundings 
may be referred in case of necessity. 

When a sounding is taken and the bottom is not reached by 
the lead the depth to which the lead actually descends 1s 
shown thus 75, tao, which indicates that the bottom was not 
reached: at depths of 70 fathoms and 100 fathoms respectively. 

If a line is drawn on the chart through all points at which 
the depth is the same, the line is called a fathom line. Fathom 


lines for different depths are indicated on the chart as shown 
below. 
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159. Quality of the bottom.—The quality of the bottom 
at any spot, as found when soundings were taken, is printed 
in an abbreviated form below the number which indicates the 
depth at that spot; the abbreviations for the various qualities 
of the bottom are shown below :— 


(JUALITY OF THE BOTTOM. 


b Penbiue Oy) A erey S| |S Ssanaar 
bik ea black oa: sc ... SCOriee 
bre uae oLowE h Wie EY aol aft, <.. 0pegem 
brk~ !). tbrokense sh “ <2 shen 
| ' ... large shin ... shingle 

é ... coarse Lychee lave, sm... small 
eal fo). scalcarsous alt ea ved ie sp ... sponge 
chk”... chalk spk } SS gpecks = 
choc ..: chocolate, my? ...mud speckled 
Gib gia. Cinders mad ... madrepore st ... Stones 
ClitadieaWolak man ... manganese stf{  ... stiff. 
cre oe coral Mi eelse ar Be stk | .:2 sticky 

mus ... mussels 
d gig HWA t ob. Mara 
Lid eMediaton. oys ... oysters 

OZ He ML NOoze vol ... voleanic 
f 1 he | 
for ... foraminiferapeb ... pebbles w ... White © 

pt -... pteropod wd  ... weed’ 
g ... gravel pum ... pumice | 
gl ... globigerina Vv ... yellow 
on ... green r Mock | 
prd) ci eoround rad... radiolaria 


The quality of the bottom, as indicated by the arming of the 
lead when a sounding has been taken, may be of considerable 
value in estimating a ship’s position. 


When a spot is to be selected at which to anchor a ship 
consideration should be given to the quality of the bottom as 
shown by the abbreviations on the chart; thus it is inadvisable 
to anchor a ship where the bottom is shown as rocky or hard, 
because of the risk of breaking the anchor, or of the anchor not 
obtaining a firm hold on the bottom. Good holding ground 
such as mud, clay, or sand should be selected when possible. 
On many charts the most suitable places for anchoring 
large and small vessels are shown by means of the following 
sions :— 


Anchorage for large vessels ei iy NY, 


hire wrey Ssiries |] gee es oP ae 
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160. Tides and tidal streams. Currents.—Full in- 
formation regarding these matters 1s given in Part III. The 
following abbreviations are used on the Admiralty charts :— 


Ta emnocialt omy ote eet se minutes. 
OG ae Flood. IN Dieta aee ee sae Neap Tides. 
Ne eters) «<>: Pi crue tebe ORG nl payors bey cus ordinary. 
awe. meeiply Water (QP a een sac Quarter... 
of Ordinary ‘Spring Tigeee SD. Om ODL weenie. Spring Tides. 
ioe hour, hours. 
>) ae hae EnGteur Vip ee hae ats Current. 
1 ie ow Waters pa os Flood Tide 
Pe ey «. «. Low Water Stream. 
of Ordinary Spring Tides. ot Ebb Tide 
Stream. 


H.W. or L.W. always refers to High Water or Low Water 
of Ordinary Spring Tides, unless otherwise stated. 


Overfalls and Tide Rips perce cee 


161. General abbreviations.—-Besides the abbrevia-. 
tions which have been enumerated above there are a number 
of others, of a general character, which are given on the charts 
as shown below :— 


GENERAL ABBREVIATIONS. 


A. (Agios) Saint (Greek) Cathi its Cathedral 
peer en... about O.Geoy gated: Coast Guard 
Anch®, ...Anchorage OU ge awe Church or Chapel 
ara a... Ancient Gan tee: Channel 
Approx. ... Approximate ola} See ae Chimney 
Arch®. ...Archipelago Conspic. .. Conspicuous 
ial aes Bay, Black CA tet. Covers, Covered 
B. (Basse) Shoal (French) Oras eee Creek 
Bs. (Bana) Cape or point Died Bigs Doubtful 
(Japanese) dist. ...... distant 

ak eis i eet, G Dr., dr. ...Dries 

(Berd) 1 Tene (Dutch) Par ae Baie oy \ (Bilean)Island Islands 
BE, BY. ...Bank, Banks ee j net hoe) btful 

vit ‘ id Bae xistence doubtiu 
ne m0 aS Ens? (Ensenada) Bay or Creek 
: (Spanish) 

Bo. (Bogha) Sunken Gaelic) Estab'. ...Kstablishment 
Beer) Grodt (Malay A Est°.(Estero) Estuary (Spanish) 
eer Biitos F. (Fiume) River (Italian) 
Bt. (Bukit) Hill (Malay) eS Gee Fiord (Norwegian) 
ae Cape Fl. (Flu.) Sunken Rock (Nor- 
eee Sot r. Jastle --wegian) 
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Five, (Fluene) Sunken Rocks 
(Norwegian) 


Y=, F™s,.. Fathom, Fathoms 
TEED ie ae al bell 

f' Site en eoot.or tect 

Pa a Re Fort 

oes te oe Gulf 


G4, (Gawa) River (Japanese) 
G,, Gte, (Grand) Great 
(French) 
f (Gunong) Mountain 
g (Malay) 
| (Gusong) Shoal (Malay) 
CiGvi. pie. « Government 
Gr‘, (Grund) Shoal (German), 
| (Norwegian) 
G*., Gr*. ...Great 
ima § Great Trigonometrical 
GTS. | Survey Station (India) 
yy Ts Pa o's hour, hours 
H?. (Hana) Point (Japanese) 
EY Go setiyd aie Head 
H™. (Holm) Island 
He, (Holmene) Islands 


(Norwegian) 
Se eeener: Haven 
EG are House 
Ne Ey ne a Be ae Higher 
IRM . Island, Islet 
Ts. A TORS as Islands, Islets 
Van GA 6 URS Inches. 
J., Jeb. (Jebel) Mountain 
(Arabic) 


J*. (Jima) Island (Japanese) 
Jez‘. (Jezirat) Island (Arabic) 
Ks. (Kampong) Village (Malay) 
Ks. (Karang) Coral Reef (Malay) 
K!. (Kechil) Small (Malay) 
ee Lake, Lock, Lough 

ty (Lilla) \ Tate (Norwegian) 
Rib Ac eA J 


ia Sake 

3; mt ... Lagoon 

Lag” 

Lath eee Latitude 

li Bigan®?: Life Boat 
L.B.S..... .Life Boat Station 


Beacons) 


ee (Lights or 
Landing (Place) 
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...Ledge, Ledges 


Toe. Pol 5e8: 
[Proynyes, eo Longitude. 
Taene re hei Lower 
’ L.S.S8....... Life Saving Statiorf 
Lt. Ho. ... Lighthouse 
Lt. Ves. ... Light vessel 
THe te miles, minutes 
MTD eee: minutes 
Mags eee Magnetic 
Mag? in ae. Magazine 
Mac ogee Middle 
Mor trae Monument: 
MOT AN rae Monastery 
Mt., Mte....Mountain 
Mtge tee Mouth 
NSE. Ae Number | 
Obs?. Spot + Observation Spot 
Obese a Observatory 
Oecas!. ...Occasional 
Oi ee Office 
Orda Ordinary 
P., Pte. ..... Port, Portom eae 
Paget & Pagoda 
Pass ... Passage 
Rebs ies Position doubtful 
Pen? eee Peninsula 
Pee ee Peak 
Pe, (Pulo) Island (Malay) 
ROR are Post Office 
Roget eo Position 
Prom’, ...Promontory 
PraVverceners Provisional 
Pt, pee! Pte Poin 
P. A. ...Position approximate 
Ree River 
Reale ae Roman Catholic 
eee eee Reef 
R4., Ras... Road, "heaae 
Remble, ... Remarkable 
Res Res, Rock, Rocks 
EG een Rocket Station 
Ru. (Rudha) Point (Gaelic) 
Ria) vanes Ruin 
AL Re lam Railway 
Baa ave ee seconds 
Si, Se, Sie, Saint 
(Sima or Shima) Island 
R (Japanese) 
(Serra or Sierra) Moun- 
tains (Spanish) 
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Pete ee. cound Tepe J Temporary 
“5 lle ane Semaphore Pha Wes t Temporarily. 
er co sean - Submarine Bell a ieee ! ea ea! 
Sg., Sg”. (Sgeir) Rock, Rocks i rggiectiee (Malay) 
(Gaelic) ‘Tr Tre. Tower 
| ee Shoal 


(Sidi) Tomb (Arabic) 


Ujg. (Ujong) Cape or Point 
(Malay) 


ai (Sungi) River (Malay) Uncov. ... Uncovers, Uncovered 
" ) (Saki) Cape or Point Ve, (Villa) House or Town 
(Japanese) Var". ...... Variation 
SIZ... Signal Vel. ........ Velocity 
Skze, (Skierene) Rocks NU een Village 
(Norwegian) Vol. pier OlCaN1O Cia, 
Skr. (Skar or Skier) Rock W. (Wadi) River (Arabic) 
(Norwegian) Whi. eeng Wharf 
St. (Stor) Great, Street W.T. Wireless Telegraph Sta- 
. (Norwegian) tion. 
Bits divs: Station | Ys. (Yama) Mountain 
Japanese 
et Sea Strait ) ior cacerne (Jap ) 
S.F.B. ...Submarine Fog Bell 7: (Zaki) Cape or Point 
LS aes oie Telegraph (Japanese) 


162. System of buoyage in the United Kingdom.— 
The positions of rocks and shoals are generally indicated by 
buoys. ‘The shape and colour of a buoy depend on its position 
relative to the danger which it marks, and buoys should be used 
so as to conform to the following rules :— 

By the term starboard hand is meant that side which will 
be on the right hand when going with the main stream of flood - 
tide, or when entering a harbour, river, or estuary from 
seaward. 

By the term port hand is meant that side which will be on 
the left hand under the same circumstances. 

Starboard hand buoys, that is buoys which 
mark the starboard side of a channel as above 
defined, show the top of a cone above water and 
are called conical buoys; they are painted one 
colour; in England, red or black ; in Scotland 
and Ireland, red only. 

In order to distinguish readily particular 
starboard hand-buoys in a channel, certain of 
them are surmounted by a topmark, consisting 
of a staff and one or more globes as shown in 
Fig. 133. 

Port hand buoys, that is buoys which mark 
the port side of a channel as above defined, 
show a flat top above water and are called 
can buoys; they are painted as follows :—in 
England, red and white or black and white, 


chequers. 
Fig. 134. 


uw 17415 Q 
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Black and white 
vertical stripes. 
Fig. 135. 


-_— 


Black and white 
horizontal stripes. 
Fig. 186. 


Shape and colour. 
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showing chequers or vertical stripes, Figs. 
134 and 135; in Scotland and Ireland, black. 
These buoys are distinguished by a topmark 
consisting of a staff and cage as shown in 
Fig? 135. 

Buoys on the same side of a channel are 
distinguished from one another by names, 
numbers, or letters. | 

A middle ground, which is a shoal with a 
channel on either side of it, has its ends 
marked by buoys which show a domed top 
above water; these are called spherical buoys 
and are coloured with horizontal stripes. <A 


spherical buoy surmounted with a staff and 
-diamond (Fig. 136) marks the outer end of a 


middle ground, and a spherical buoy sur- 
mounted by a staff and triangle marks the 
inner end. 

There are various other buoys which. are 


used for special purposes, as shown below :— 


Name. Where used. Remarks. 


Pillar buoy. Generally to Generally carries 
markafair- a light. 
way in a 
channel. 


Spar buoy. In special 
positions. 


Watch buoy. In vicinity of Toindicatetolight- 
lightships. ship keepers if 
their vessel is 
maintaining its 
position. 


Telegraph Over a tele- 
buoy. graph cable. 


Wreck buoy. Near a wreck. Moored on that 
sideof the wreck 
which is nearest 
mid-channel. 
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Spoil ground To mark limits By a spoil ground 
buoy. of a spoil ismeantan area 
ground. where dredgers 
and hoppers dis- 

charge. 
These buoysare not 


for the purposes 
Yellow and Green. of navigation, 


and may be of 
any shape. 


Any buoy may carry a light, an automatic whistle, or a bell. 

A. wreck may be marked by a wreck marking vessel which 
is painted green with the word wreck painted in white letters. 
A wreck marking vessel carries three balls suspended from a 
yard, two in a vertical line from one yardarm and one from the 
other, the single ball being on the side next the wreck. By 
night such a ship carries three fixed white lights similarly 
arranged but does not carry the ordinary riding lght. 

It is manifestly impossible that any reliance can be placed 
on buoys always maintaining their exact positions. Buoys, 
especially when in exposed positions, should therefore be 
regarded as warnings and not as infallible navigating marks, 
and a ship should always, when possible, be navigated by 
observations of fixed objects and not by buoys. 

The lights shown by buoys cannot be implicitly relied on, 
because if they happen to be extinguished a long interval may 
elapse before they are relit, particularly in bad weather. 


Buoys are depicted on the charts as shown below :— 


ge... 5... HORE ee. Awd a 
oe co cern cece Seinsicanancrusnensns = 
| BRB £1 
orgs eis osc ussiesescdbecistdesess Pe Se a 
| lm om 
. HS V.S Cheq 
Me eas eee ae 
ess talay ea ofe ocd tones one 
Eee ote 
BUMREPPDMOVS...... 6... .cn0eiwtenves Ras aes rie {) 
RUMI POPMATKS. ...capevesicss tenses ov so a A oh aN i 
ce ay va dee v wpe ev sneeein ges Py el 
Ue a a ann ge fae ae Bay 


The little circle shown in the centre of the water line of a 
buoy as depicted on the chart indicates the actual position of 
the buoy. 

Q 2 
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The following abbreviations shown below buoys on a 
chart indicate the characteristics of the buoys :— 


BAI Bee Saeene meer rs Blacks: Bese. ee Submarine bell 
Chet nee aay? Chequered (Sounded by wave action). 
(SEI Me se ok ence GTéen a Dee Submarine Fog Bell 
LO Ne esos ais vk Gray (Mechanically sounded). 
eer ee LLOLIZON Gal Our POS nr V.ccls ieee eee Vertical Stripes 
ND eee ok Bee te net Number -Y..........ce.h) 0 Yellow 
|B cata enrand ec eta ge SN A Uo Red W. Wh........ White 


168. System of lighting.—Lighthouses and light vessels 
are placed, for convenience in navigation, to mark various 
prominent points of the coast and certain rocks and shoals ; full 
details respecting them are given in a book entitled “The 
Admiralty List of Lights and Time Signals.” 


The light shown may be a continuous steady light, or 1t may 
be varied by the introduction of flashes, eclipses, &c. Lights 
are generally divided into two classes, namely :— 


(1) Lights whose colours do not alter throughout the 
entire system of changes. 
(2) Lights which alter in colour. 


The abbreviations used in the Admiralty List of Lights, as 
~well as the characteristic phases of the lights, are given in the 
following table :— 


Lights whose » hy 1 ae 
colours do not Characteristic phases. bess: se ee 
pipe in colour. 

F, Fixed - | A continuous steady light’ - - | Alt. Alternating. 
Fl. Flashing - | (a) Showing a single flash at regu- Alt.Fl. Alterna- 
; lar intervals, the duration of light — ting flashing. 
being always less than that of | 

darkness. 


(b) A steady light with a total 
eclipse at regular intervals; the | 
duration of light being always 
less than that of darkness. 


Gp.Fl. Group | Showing a group of two or more Alt.Gp.Fl. Alter- 
flashing. flashes at regular intervals. ' nating group 
flashing. 


Occ. Occulting | A steady light with a sudden and Alt.Oce. Alterna- 
total eclipse at regular intervals; _—ting _occulting. 
the duration of darkness being 


always less than, or equal to, | 
that of light. | 
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Lights whose | 
colours do not Characteristic phases. 
alter. 


Lights which alter 
in colour. 


Gp.Oce. Group| A steady light with a group of two | Alt.Gp.Oce. Alter- 
occulting. or moresudden eclipses at regular nating group 
intervals. occulting. 


BT. Fixed} A fixed light varied by asingle flash | Alt.F.Fl. Alterna- 
and flashing. of relatively greater brilliancy at ting fixed and 
regular intervals. The flash may, flashing. 
or may not, be preceded and 
followed by an eclipse. 


F.Gp.Fl. Fixed; A fixed light, varied at regular | Alt.F.Gp.Fl. Alter- 
and group intervals, by a group of two or nating fixed and 
flashing. more flashes of relatively greater group flashing. 

briliancy. The group may, or 

may not, be preceded and followed 
by an eclipse. 


Rev. Revol-| Light gradually increasing to full | Alt.Rev. Alterna- 
ving. briliancy, then decreasing to ting revolving. 
eclipse. 


The letter (U), against the name of a light in the Light 
List, indicates that the light is unwatched. Caution should 
be exercised when expecting to sight an unwatched light, 
because some interval may elapse before it is re-exhibited if it 
should become extinguished from any cause. 

The period of a light is the interval between successive 
commencements of the same phase. 

The order of a ight is a conventional term which refers to 
the focal distance of the apparatus, the focal distance being the 
distance from the centre of the illuminant to the inner surface 
of the lens. Lights are divided into six orders; the power of 
the lights however does not vary directly with the order, and 
whenever obtainable the candle power is given in units of 
1,000 candle power. The small letterin brackets, which follows 
the name of a light in the Light List, indicates the authority 
responsible for that light. 

All bearings of lights given in the Light List are true and 
are given from seaward. 

In the case of lights which do not show the same character- 
istics or colours in all directions, the areas over which the 
different characteristics are shown are indicated on large scale 
charts by sectors of circles. ‘The arcs of the circles do not 
denote the distance at which a light may be seen. 

All the distances given in the Light List, and on the charts, 
for the visibility of lights are calculated for a height of an 
observer’s eye of 15 feet. The table at the beginning of each 
Light List for the distances at which lights should be visible due’ 
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to height, or the table in Inman’s Tables for the distance of the 
sea horizon, (§ 57), affords a means of ascertaining how much 
further the light might be visible should the height of the 
bridge be more than 15 feet. . The glare of a powerful light is 
often seen far beyond the (opueat visibility of the actual rays of 
the light, but this must not be confounded with the true range. 
Refraction may often cause a light to be seen at a greater 
distance than under ordinary circumstances (§ 52). 

When looking out for a lght at night, it should not be 
forgotten that the range of vision is much increased from aloft. 
By noting a star immediately over the hight, a very correct 
bearing may be afterwards obtained from the standard compass. 

The intrinsic power of a light should always be considered 
when expecting to make it in thick weather. A weak light is 
easily obscured by haze and no dependence can be placed on 
it being seen. The power of a light whose candle power is not 
given can be estimated by remarking its order, as given in the 
Light List, and in some cases by noting how much its visibility 
in clear weather falls short of the range due to the height at 
which it is placed. Thus a light standing 200 feet above the 
sea, and only recorded as visible at 10 miles in clear weather, 
is manifestly of little brilliancy, because its height would 
permit it to be seen at a distance of over 20 miles provided 
that its candle power were sufficient. 

The distance from a hght cannot be estimated by either its 
brilhancy or its dimness. 

On first making a light from the bridge, by at once lowering 
the eye several feet and noting whether the hight dips, it may be 
determined whether the vessel is in the circle of visibility 
corresponding to the usual height of the eye, or unexpectedly 
nearer the light. 


The following abbreviations with reference to lights are 
employed on the Admiralty charts :— 


POP ek op eee Tights, Position of 

TA c TSS ae pansy hts eee te Light, laghts 

Li Alt. : See Sage eee ae ae Light Alternating 

LW) « adie gets ee ee eee ,- Fixed. 

LAE oe ae ere , Flashing 

Lt Oot iaicer gut Soa eat a Aas cee OC Lane 

li Rey a) 2 okie , evolving | 

Lately iL, dcoprais Auddt egies eed , fixed and Flashing 
Lt, Gp. HL Sis spapeeeeeie cee , Group Flashing 

Lat Ee Gry. dal 4) sree anes , fixed and Group Flashing 
LR GAD On 5 eames ae Group Occulting. 
ak Naeem ere poe et et. alternatin g 

ERs eh ie ol cr cis- 5 ni ke SRR every 

TESTER | OUST Rey nee een oat flash, flashes 

Ee CLP Oo eee ema mean eee Green 
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Meret bys iit! ..-horizontal (Lights placed horizon- 
; | _ tally) 
Reames (trycuh aot. Wid lees irregular 
m. Sega Rice Reocehs SEP EaE miles 
Me ese ee eke cee minute or minutes 
Rete tetra ots. och. seen. obscured 
oS ner occasional 
eet ye Tee. hat Red 
| San nes second or seconds 
(U) (2 ears ee Unwatched 
META 8, das. eT vertical (Lights placed vertically) 
sec e anes aces visible 
WVU RG: MA vesic. bees White 


The number in brackets after the description of Group 
lashing or Group Occulting Lights denotes the number of 
flashes or eclipses in each group. 

Alt. (Alternating) signifies a Light which alters in colour. 

The height given against a light is the height of the focal 
plane of the hght above High Water of ordinary Spring Tides, 
or above the sea level in cases where there is no tide. 


As an example it will be found that the Eddystone light is 
marked on large scale charts :— 
Lt.Gp.Fl. (2) ev. 30 secs. 133 feet vis. 17m. 


This signifies that the light shows a group of two flashes, 
the period between the commencement of consecutive groups 
- being 30 seconds; the centre of the lantern is 133 feet above 
the level of high water of ordinary spring tides; and at this 
state of the tide, on a dark night with a clear atmosphere, the 
light is visible up to a distance of 17 miles to an observer whose 
height of eye is 15 feet. 

Light-vessels in English and Scottish waters are painted red 
with their names in white letters; in Irish waters they are 
painted black. The approximate height of the day-mark (a 
distinguishing mark carried at the masthead) above the water- 
line and the description of the light- vessel is given in the 
Light List. 

Light-vessels carry riding lights to indicate the direction in 
which they are swung. 

If a light-vessel is adrift from her moorings, or out of position, 
by day her day-mark is lowered ; by night her ordinary lights 
are lowered, a red light is shown at each end of the vessel, 
and a red flare-up is shown every 15 minutes. 

If, from any cause, a light-vessel is unable to exhibit her 
usual lights whilst at her station, the riding light only is shown. 


164. Fog-signals.—There are various kinds of fog-signals : 
—gun, explosive report, siren, horn, bell, gong, automatic 
whistle, and submarine bell. 

Signals by gun or explosive report are generally employed 
in light-houses and light-vessels which mark outlying rocks, 
and sometimes on important headlands. 
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The siren, sometimes distinguished by high and low notes, 
is generally employed on headlands and important light-vessels. 
It has been found that, under certain conditions of the atmos- 
phere, when a fog-signal is a combination of high and low notes 
one of the notes may be inaudible. 

The horn and gong are also used in light-vessels and light- 
houses. 

Bells are sometimes established in light-houses and light- 
vessels but more frequently on buoys. 

Submarine bells are fitted in light-vessels, and at certain 
positions on the sea bottom where they are electrically operated 
from a station on shore. 

Buoys, when provided with a sound signal, are generally 
fitted with a bell or automatic whistle. Submarine bells are 
fitted to some buoys, in which case they are rung by the action 
of the waves. 

Wreck-marking vessels sound a bell and gong alternately 
during fog. 

When listening for a fog-signal, from a buoy or an unwatched 
light-vessel, it should be remembered that the signal is worked 
by the motion of the sea; consequently, in a calm, the signal will 
probably not be heard. 3 


165. Reliability of fog-signals.—Sound is conveyed 
through the atmosphere in a very capricious way. Apart from 
wind or visible obstructions, large areas of silence have been 
found, in different directions and at different distances from the 
origin of sound, even in the very clearest of weather and under 
acloudless sky. T’rom a long series of observations it has been 
discovered that sound is lable to be intercepted by streams of 
air which are unequally heated and unequally saturated with 
moisture, in fact by a want of homogeneity in the interposed 


atmosphere. Under such conditions the intercepted vibrations’ 


are weakened by repeated reflections, and possibly may fail to 
reach the ears of persons although well within the ordinary limits 
of audibility. The observations clearly proved that rain, hail, 
snow and fog have no power to obstruct sound, and that the 
condition of the air associated with fog is favourable to the 
transmission of sound. ‘Therefore while one may expect 
to hear a fog-signal normally both as to intensity and 
place, the foregoing should be taken into account and 
occasional aberration in audition prepared for. It has been 
found that when approaching a fog-signal with the wind 
one should go aloft, and when approaching it against the 
wind the nearer one is to the surface of the water the sooner 
will the signal be heard. 


The apparatus for sounding the signal frequently requires 
some time before it is in readiness to act. 


A fog often creeps imperceptibly towards the land, 
especially at might, and is not noticed by the lighthouse 
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keeper until it is upon him; whereas an approaching ship 
may have been for many hours in the midst of it. 

166. Submarine bell.—Sound-waves in air travel at the 
rate of about 1,130 feet per second, but as stated above ($165) 
the progress of zrial sound-waves is very variable. In water 
sound-waves travel about four times as fast as in air and their 
progress is far less variable ; when discharged, they spread out 
in all directions, but are deflected by shoals, land, and break- 
waters, and possibly by strong tidal streams and currents. 

The present form of submarine sound signal consists of a 
bell, worked electrically, which is either suspended under the 
keel of a light-vessel or is slung from a tripod resting on the 
bottom of the sea in the vicinity of a ight-house. Submarine 
bells are also fitted to buoys, but in this case, when lstening 
for the sound, it should be borne in mind that the bell is only 
worked by the motion of the sea. Details of submarine bells 
are given in the remarks column of the Light List. 

The various light-vessels, light-houses, &c., give signals 
which are distinguished from one another by the number and 
combination of strokes. ‘The receiver is the bottom plating of 
the vessel. The vibrations are conveyed from the bottom 
plating of the vessel to the chart house by means of the 
receiving gear, which consists of microphones secured to the 
ship’s side at about 18 feet below the water line and 66 feet 
from the bows. ‘The microphones are generally in pairs, 
marked A and B, and are connected electrically to two 
telephone receivers in the chart house, a two-way switch 
enabling the operator to listen on either side of the ship at 
will. The sound is heard loudest when it is at right angles 
to the microphone or about 2 points before the beam, and 
the sound is lost when it is about 4° on the bow or about 
6 points abaft the beam, according to the class of the vessel. 

It is essential in order to obtain good results that all noise 
in the compartment in which the microphones are situated 
should be stopped, and that the ship should be as quiet as 
possible. For this reason it is found that the best results are 
obtained when the speed of the ship is low. 

To obtain the bearing of a submarine bell listen on either 
side of the ship alternately till the sound of the bell is heard, 
then, still listening on the side where the sound was first heard, 
alter course slowly towards the bell and note the direction 
of the ship’s head when the sound of the bell is lost ; imme- 
diately put the switch over, listen on the other side and note 
the direction of the ship’s head when the sound of the bell is 
again heard. The mean of the two directions of the ship’s 
head should be the bearing of the bell. As a check the 
operation should be repeated whilst turning back to the original 
course. With a little practice the bearing of the bell can be 
found with considerable accuracy, the distance at which this 
can be done varying from about 2 to 15 miles. 
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167. Printing of the chart.—Charts are printed from 
engraved copper plates, but, as copper is a comparatively soft 
metal, constant printing wears down the surface of the plate 
and the engraving soon becomes shallow and indistinct; to 
meet this difficulty and prolong the life of the plate a method 
of electrically depositing steel on its surface has been adopted. 
Although the deposit is almost an immeasurable quantity, the 
effect is such that 10,000 copies can be pulled from a steel- 


surfaced plate with less damage to it than 1,000 copies when the = 


plate is unsteeled. 

To print or pull an impression from a copper plate, the 
printer first cleans the surface thoroughly, then dabs the whole 
surface over with printing ink until he is satisfied that every cut 
in the plate is filled. He then rubs the surface of the plate over 
quickly and lightly with his hands until all the surface ink is 


removed. ‘The plate is then rubbed over with whitening and. 


polished, after which it is placed on the bed of the printing 
press and a sheet of paper laid on it; it is then drawn through 
the press and considerable pressure is applied. When the plate 
emerges from the press the paper is carefully lifted from it and 
the necessary proof is obtained. 

Charts used in navigation are printed on paper that has 
been slightly damped in order to take a good impression; this 
damping causes a slight distortion due to shrinkage when the 
paper dries, the amount of which can be easily obtained 
by measuring the proof between the inner border lines and 
comparing the measurements with those engraved in the bottom 
right hand corner of the chart. As a general rule the distortion 
is not sufficient to cause an appreciable error in the position of 
a ship, and the larger the scale of the chart the smaller is the 
error; for this reason, as well as for others, that chart of the 
locality which is on the largest scale should always be used. 

In addition to the wear and tear of the plate, printing from 
copper is a long and expensive method of obtaining chart 
proofs; it is very much more economical to print from litho- 
graphic stones. This is achieved by obtaining a proof from 
the copper plate in a greasy ink, specially made for the 
purpose, on a specially prepared paper. Care having been 
taken that every detail is shown, the proof is laid face down- 
wards on a lithographic stone, which, owing to its nature, takes 
the impression of the wet greasy ink and thus gives, after 
certain treatment by the lthographer, another means of 
obtaining copies of the chart. 

Printing from lithographic stones is very inexpensive, for 
about 2,500 copies can be printed from a stone in an hour, with 
a steam or electrically driven printing machine; whereas only 
half a dozen copies can be printed from a copper plate in the 
same time, and the work has to be almost entirely manual. 
Owing, however, to the great weight, to the necessary care in 
handling to prevent breakage, and to the large amount of space 
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required for storing lithographic stones (they are usually from 
2% to 3 inches thick), zinc plates specially prepared with a 
granulated surface have been found to answer the same purpose, 
and to possess advantages over the stone as regards handling, 
breakage, and storage. The processes of transferring to, and 
printing ‘from, ZINC poker are practically the same as when 
using stones. 

Admiralty charts are Seinen either on the Mercator’s or 
gnomonic projections, the latter being used when the scale is 
greater than two inches to the mile and where areas in high 
latitudes have to be represented. 


168. Chart correction.—Charts are kept up to date in 
the following manner. When information has been received at 
the Hydrographic Department that a chart requires correction, 
_the information relating to the correction 1s published in the 
“Notices to Mariners,” which are despatched weekly to all 
Officers in charge of charts; it is the duty of these Officers to 
forthwith make the necessary correction with pen and red ink 
to the charts which are affected. 

When making corrections on a chart the instructions issued 
with the chart set should be carefully followed. 

The correction is also placed on the chart plate, the date of 
such correction being engraved in the left hand lower corner of 
the margin under the heading “Small corrections.” 

When a correction is too large to be conveniently placed on 
a chart by hand, such as when there have been large alterations 
in soundings or in a coast line, a reproduction of the portion so 
corrected is sometimes inserted in a Notice to Mariners; this 
reproduction is printed in two colours, red and black, the 
correction being inred. When this is not done a new edition 
of the chart is issued, the date of this new edition being printed 
on the margin at the bottom of the chart against the words 
““ New editions.” 

A chart is described by means of its number (in the right 
hand lower corner), together with the title and dates of publica- 
tion or new edition, and last small correction; thus, No. 2 
British Islands, New edition, 26th June 1912; last small 
correction, I. 13. 


169. Reliability of charts.—The value of .a chart: mani- 
festly depends on the accuracy of the survey on which it is 
based, and this becomes more important the larger the scale of 
the chart. To estimate this, the date of the survey, which is 
always given in the title, is a good guide. Besides the changes 
that, in waters where sand or mud prevail, may have taken place 
since the date of the survey, the earlier surveys were mostly 
made under circumstances that precluded great accuracy of 
detail, and until a plan, founded on such a survey, is tested, it 
should be regarded with caution. It may indeed be said that, 
except in well fréquented harbours and their approaches, no 
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surveys yet made have been so minute in their examinations of * 
the bottom as to make it certain that all dangers have been 
found. 

The fullness or scantiness of the soundings is another method! 
of estimating the completeness of a chart. When the soundings 
are sparse or unevenly distributed it may be taken for granted 
that the survey was not made in great detail. 

The degree of reliance which may be reasonably placed upon 
an Admiralty chart, even in surveys of modern date, is mainly 
dependent on the scale on which the survey was made, and it 
should not be assumed that the original survey was made on a 
larger scale than that published. 

It should be borne in mind that the only method of ascer- 
taining the inequality of the bottom is by the laborious process 
of sounding, and that in sounding over any area the boat or 
vessel which obtains the soundings is kept on given lines; that 
each time the lead descends only the depth of water over an 
area equal to the diameter of the lead, which is about two inches, 
is ascertained, and that consequently, each line of soundings, 
though miles in length, is only to be considered as Bessie 
a width of two inches. 


Surveys are not made on uniform scales, but each survey is 
made on a scale commensurate with its importance. Jor 
instance, a general survey of a coast, which vessels only pass in 
proceeding from one place to another, is not usually made on a 
scale larger than one inch to the nautical mile; surveys of 
areas where vessels are likely to anchor are made on a scale of 
two inches to the mile; and surveys of frequented ports or 
harbours likely to be used by fleets, are made on a scale of from 
six inches to ten inches to the nautical mile. 

Little assistance in detecting excrescences on the bottom, 
when sounding from a boat, is afforded by the eye, even in clear 
weather, on account of the observer being so close to the surface 
of the water. If, therefore, there is no inequality in the 
soundings to cause suspicion, a shoal patch between two lines 
may occasionally escape detection. 

Lines of soundings, plotted as close as is practicable on 
a scale of six inches to the nautical mile, would be 100 feet 
apart, and each line would be only two inches in actual width. 
Thus, in a chart on a scale of one inch to the nautical mile, 
an inequality of some acres in extent rising close to the surface, 
if it happened to be situated between two lines, might escape 
the lead ; while in a chart on a scale of six inches, inequalities 
as large as battleships, if lying parallel to and between the lines 
of soundings, might exist without detection if they rose abr Upey 
from an otherwise even bottom. 

General coast charts should not, therefore, be looked upon as 
infallible, and a rocky shore should on no account be approached 
within the ten fathom line, without taking every precaution to 
avoid a possible danger; and even with surveys of harbours on 
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a scale of six inches to the nautical mile, vessels should avoid, if 
possible, passing over charted inequalities in the ground, for 
some isolated rocks are so sharp that the lead will not rest on 
them. 

Blank spaces among soundings mean that no soundings 
have been obtained in these spots. When the surrounding 
soundings are deep it may reasonably be assumed that in 
the blanks the water is also deep; but when they are shallow, 
or it can be seen from the remainder of the chart that reefs or 
banks are present, such blank spaces should be regarded with 
suspicion. ‘This is especially the case in coral regions and off 
rocky coasts, and it should be remembered that in waters where 
rocks abound it is always possible that a survey, however com- 
plete and detailed, may have failed to find every small patch. 
A. wide berth should, therefore, be given to every rocky shore 
or patch in compliance with the following invariable rule :— 
instead of considering a coast to be clear, unless it 1s shown 
to be foul, the contrary should be assumed. 

Except in plans of harbours that have been surveyed in 
detail, the five fathom line on most Admiralty charts is to be 
considered as a caution or danger line against unnecessarily 
approaching the shore or banks within that line, on account of 
the possibility of the existence of undiscovered inequalities of 
the bottom. ‘The ten fathom line is, on a rocky shore, as before- 
mentioned, another warning, especially for ships of heavy 
draught. 

Charts on which no fathom lines are marked should be 
especially regarded with caution, for it may generally be con- 
cluded that the soundings were too scanty, and the bottom too 
uneven, to enable them to be drawn with acguracy. 

Isolated soundings, shoaler than the surrounding depths, 
should always be avoided, especially if ringed round, for it is 
impossible to know how closely the spot may have been examined. 

Arrows on charts only show the most usual or the mean 
direction of a tidal stream or current. It should never be assumed 
that the direction of the stream will not vary from that indicated 
by the arrows. In the same manner, the rate of a stream 
constantly varies with circumstances, and the rate given on the 
chart is merely the mean of those found during the survey, 
possibly from very few observations. 


170. Sailing Directions.—The Sailing Directions are 
books which are supplied to H.M. Ships for the purpose of 
giving detailed information respecting coasts, ports, tides, 
soundings, &c. Wherever the information given on the charts 
differs from that given in the Sailing Directions, the information 
given on the chart of the largest scale, which should have been 
corrected from the latest information, should be taken as the 
guide for purposes of navigation. 


Art. 171. 242 


CHAPTER XVIII. 


THE TRACK OF THE SHIP AND THE AVOIDANCE 
OF DANGER IN PILOTAGE WATERS. 


171. The track.—-Having studied the previous chapter 
the reader should now be able to read the chart—that is, to 
picture mentally the surroundings, in particular the relative 
positions of the various dangers in the vicinity of the ship’s 
track, as well as the various artificial aids to navigation that may 
be expected to come into view. We have now to explain how 
the ship’s track to a particular destination should be determined, 
so that the ship may steam in the vicinity of the dangers with 
the certainty of avoiding them. 

The first question to decide when laying off a course on the 
chart is—at what distance from any danger zone or from the 
coast is it most prudent for the ship to pass? The governing 
factors in making a decision are, the nature of the dangers or 
coast and the depth of water in the vicinity, whether the dangers 
are marked by lght-houses or other artificial aids to navigation, 
whether the coast is such that the position of the ship can be 
fixed while passing it, the state of the weather, whether it is 
day or night, and whether tidal streams or currents are strong in 
the vicinity. 

On short runs along well-surveyed coasts in daylight and 
clear weather, an offing of about five miles, where the depth of | 
the water is over ten fathoms, is generally sufficient ; but where a 
long distance is to be run along a more or less straight coast, 
the distance saved by steaming so close to the shore instead of 
having an offing of, say, ten miles,is of no moment, and a wider 
berth should be given than where the distance involved 1s short. 

The possibility of an indraught into a deep bay or indenta- 
tion of the coast must also be borne in mind, for it is found that 
vessels, when passing such indentations, are frequently set in- 
shore, although the normal direction of the current may be 
parallel to the general trend of the coast. 

Another point that has to be taken into consideration, when 
in much frequented waters, is the possibility of the ship being 
constantly compelled to alter course in order to avoid other 
vessels, and if the majority of the alterations of course are made 
to the same side, which is often the case, the cumulative effect of 
these may seriously displace the vessel ; consequently, disregard 
of this point may cause an otherwise carefully estimated position 
to be considerably in error. Tit 

The general rule when coasting, that is when steaming along 
and in sight of a coast, is to pass sufficiently close to the coast to 
enable all prominent marks, suchas light-houses, &ce., to be seen, . 
and to fix the ship’s position frequently, for only by so doing can 
one be certain of immediately discovering whether the ship has 
been set off her supposed track by an unexpected current, &e. 
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To decide at what distance from dangers and coasts the ship 
should pass requires experience, but the course steered should 
as far as possible be such that, in the event of the marks being 
obscured by fog or mist, the ship could still be navigated with 
the certainty that she is not running into danger. 

When, of necessity, the track will lead the ship into com- 
paratively shallow water, such as the estuaries of rivers or the 
approaches to harbours, it 1s essential to study the height of 
the tide as well as the draught of the ship. An ample margin 
of depth should always be allowed, and the importance of this 
margin is accentuated, if possible, when. the navigation is to be 
performed on a falling tide. 

It should be remembered that the draught of a ship is 
greater when steaming fast than when she is at rest,* and that 
the draught is very considerably increased when a ship rolls or 
heels heavily. ‘The amount of the increase in a ship’s draught 
due to rolling or heeling depends on the type of ship, being 
greatest in ships whose cross section below the water line is 
approximately rectangular, and it is further augmented when 
bilge keels are fitted at the corners of the rectangle or if there 
is much “tumble home ” in the cross section above the normal 
water line. In certain classes of ships the increase is as much 
as 7 inches per degree of heel, so that for 10° the increase 
would amount to nearly 6 feet. 


In order to: conduct a vessel in safety when in the vicinity 
of land or dangers, the principles of the terrestrial position 
line, explained in §§ 48, 49, and 50, are employed and the 
ship’s track should, as far as possible, be so arranged that it 
coincides with a terrestrial position line, in order that a 
repeated observations of the terrestrial point from which i 
the position line results may indicate at once any devia- \ 
tion of the ship from her intended track ; and, in addition, 
if the ship is known to be following her intended track, 
that a position line from a bearing of an object abeam may 48 
at once give her position. a 


172. Leading marks.—When possible it is conve- | 
nient to so arrange the track that two objects in transit may 
be seen ahead or astern, in other words that the ship may | 
steam along the position line resulting from this transit | 
($ 63). Provided the two objects are seen to remain in 
transit certainty exists that the ship is following the 
arranged track, whereas, if they are seen to be not exactly 
in line with one another, it is obvious that the ship is to | 
the right or left of the pre-arranged track. G 

Marks are said to be open when they are not exactly 
in transit, thus in Fig. 137, two lights, A and B are in 137 


* An Beat hos is on record of a vessel having grounded and sustained 


considerable damage in consequence of increased draught due to her speed of 
14 knots. 
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transit to an observer at O, but to an observer at C, A is said 
to be open to the right of B. 


In many plans of harbours two marks are shown, which, 
being kept in transit, lead the ship clear of dangers, or in the 
best channel. Such marks are called leading marks, and 
their presence is indicated on the chart by a line drawn 
through them. The line is generally shown on the chart as 
one straight line, but sometimes as two parallel lines close 
together. The line is full for a portion of its length and then 
becomes dotted; this signifies that it is only advisable to 
keep on it as far as the full line extends, the dotted portion 
merely being drawn to guide the eye to the objects which are 
to be kept in transit. The names of the objects and their 
magnetic and true bearings when in transit are generally 
written along the line drawn through them. The magnetic 
bearing is only strictly correct during the year for which the 
variation on the chart 1s given. 


When the objects are in transit, a bearing of them should 
be taken and compared with that given on the chart; this 
ensures that the two objects seen in transit are the correct ones, 
and is a necessary precaution to take when visiting a place for 
the first time. 


The distance between the leading marks should be roughly 
noted as a guide to the amount of reliance that can be placed 
on them, and to the amount of care necessary while watching 
them. When making use of leading marks, those which are 
a considerable distance apart, compared with the distance of 
the ship, are most trustworthy, and such marks are called 
sensitive, because the slightest deviation from the correct line. 
will immediately open the marks, whereas, if the marks are close 
together they will still appear in transit when the ship is at 
some distance from the line. No absolute rule can be laid 
down as to the distance the marks should be apart; but if it 
is a third to a quarter of the greatest distance for which they 
will be required, it will generally be sufficient. 


In Fig. 146 two leading marks are shown. (1) Red stripe 
on West end of coastguard building in line with beacon, N. 45° E. ; 
this leads clear of the dangers Harbour-rock and Carrig-a-bo, 
and as the distance between the marks is about a third of the 
createst distance for which they will be required, this transit is 
fairly sensitive ; (2) Dunboy turret in line with South extreme 
of Old Fort Point, N. 86° Ik. ; this leads in the deepest water, and 
the distance between the marks is half the greatest distance for 
which they will be required. 


When steadying the ship on leading marks ahead, the order 
‘steady’ may be given when the ship’ s head is pointing 
exactly to the marks, but when the leading marks are astern, 
the ship must be steadied by compass in the required dir ection, 
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when a glance astern at the marks will show whether the ship 
is on the correct line or not. 


173. Lines of bearing.—lIf no transit marks are available 
the track should be arranged, 1f possible, so as to coincide with a 
line of bearing, (§ 48). In this case the track is drawn on the 
chart so as to pass through some well defined object, and the 
bearing of the object from any point of the track noted; the object 
selected should be ahead of the ship rather than astern. Provided 
that the bearing of the object remains constant at the bearing 
noted, the ship must be on the line of bearing which coincides 
with the pre-arranged track; should the bearing of the 
object be seen to change, it is obvious that the ship has been 
set off her track in that direction which is indicated by the 
change of bearing. 


When laying off a line of bearing an object should be 
selected which is not too far off; the closer the object is to the 
observer, the easier it is to detect by the change of the bearing 
when the ship is being set off the line; for example, if the 
object is one mile distant, the bearing will alter one degree if 
the ship is set about 30 yards off the line, whereas, if it is ten 
miles distant, the ship will be set about two cables off the line 
before the bearing changes one degree. 


174. Turning on to a predetermined line.—Having 
decided on the track proposed for the ship, it 7 
is necessary to consider how to determine the 
instant at which the helm should be put over 
when altering from one course to another, so 
that the ship, when steadied on her new 
course, may be exactly on the pre-arranged 
track. ‘l’o do this the distance to new course; 
or the advance and transfer, is made use of 
($ 44). Thus, suppose a ship is steaming N.E. | 
and that it is desired to alter course to North 
so as to steam along the line YZ (Fig. 138). 
From any point X on YZ lay off XP’ in the 
opposite direction (S.W.) to the present course 
and equal to the distance to new course for 
the required alteration. Ce 


Through P’ draw a line P’Q’ parallel to 
YZ, then the ship will turn on to the line YZ 
if the helm is put over when she is ‘on the line 
P’Q’, wherever she may be on that line, and 
she will follow a path such as P’P or Q’@ till p'! 
she heads North. Therefore, if the line P’Q’ 
is drawn on the chart and it is found to pass 
through some object O, the course should be 
altered when the ship reaches the position line 
UP: 


u 17415 R 


12) 


y-—-—— 
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Thus we have the rule for finding the position line on which 
to put the helm over—draw the estimated and new tracks, and 
from their point of intersection lay back along the estimated 
track the distance to new course; this gives the point through 
which to draw the position line parallel to the new track. 


It cannot be expected that ships will always turn exactly as 
anticipated, for their paths are often much affected by wind, sea, 
depth of water, &c. The necessary allowances for disturbing 
influences can only be gained by experience and vary in 
different ships. 


The rule stated above will be made clear by the three 
following examples. 

Hxample (1).—-A. ship is 
steaming N. 22° E. and it is 
desired to alter course to 
N. 45° W. on to the line YZ 
(Fig. 139). 

Let the estimated track 
of the ship intersect YZ at X. 


From the tabular state- 
ment relating to the ship’s 
path while turning, the 
distance to new course for 
a turn of 67° (from N. 22 KH. 
to N. 45° W.) is found to 
be 495 yards. 

From X lay back XA 
along the estimated track 
equal to 495 yards. 


Through A draw a dotted 
line AC parallel to YZ, then 


if the helm is put over when the ship is on the line AC she will 
turn as required. 


Fre. 189. 


Now it will be observed that AC, when produced, passes 
through the lighthouse 0, so that the helm should be put 
over when the ship arrives on the position line resulting from 
the observed bearing of the light-honse being 8. 45° FE, 
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It is seldom that an object can. be found whose line of bearing 
exactly coincides with the line AC, but frequently an object can 
be found whose line of bearing can be drawn parallel to AC and 
the principle of transferring a position line made use of, as shown 
in Example (2). 


Hxample (2).—A ship is steering N. 40° W. at 10 knots ; 
the position of the ship is uncertain and it is desired to alter 
course to North so as to steam along the line YZ which is at a 


distance of 2 miles from 
the point O (Fig. 140). 


Let the estimated 
track (N. 40° W.) of the 
ship intersect YZ in X. 
Irom the tabular state- 
ment relating to the 
ship's path while turn- 
ing, the distance to new 
course for a turn of 
40° (from N. 40° W. to 
North) is found to be 400 
yards. 


Lay back, along the - 
estimated track, XA 
equal to 400 yards. 
Through A draw a dotted 
line AC parallel to YZ, 
then if the helm is put 
over when the ship 
is on the line AC, the 
Siew >) turn as 
required. 


Through the point 0 
draw a line parallel to 
YZ intersecting the esti- 
mated track at B, then it 
will be found that AB is 
2°Qmiles. Note the instant when the point O bears North, that is 
when the ship is on the position line OB; then, since 2°9 miles 
is covered at 10 knots in 17°4 minutes, the ship will be on the 
line AC 17°4 minutes after the point Q bore North; at this 
instant the helm should be put over and the ship will turn on to 
the line YZ as required. 


Fig. 140. — 


When a tidal stream or current is being experienced it 


should be allowed for as shown in Example (3). 
R 2 
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Hxample (3).—A ship is steaming N. 60° W. at 10 knots ; 


her position is uncertain, and it is desired to alter course so as 
to make good a course North along the line YZ (Fig. 141), which 
runs through the channel MO at a distance of four cables from 
the point O. A tidal stream is estimated to be setting West 
1 knot. : 


To find the course to steer in order to make good a course 
North, take any point X in the line YZ and lay off XG to repre- 
sent one knot West on any convenient scale; with centre G and 
radius 1Q knots on the same scale describe a circle cutting XZ © 
in H, then the direction of GH, which is N. 6° K., is the course 
required, 


From the tabular statement relating to the ship’s path 
while turning, the distance to new course for a turn of 66° (from 
N. 60° W. to N. 6° E.) is found to be 495 yards, and the time of 
turning is found to be two minutes. From X lay off XK 495 
yards 8. 60° E. 


et Cables sie K 


\ 


Fie. 141. 
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While the ship is turning, the tidal stream sets her to the 
2,000 x 2 
60 
for this set, from K lay off KA 67 yards East. Through A draw 
a dotted line AC parallel to YZ, then, if the helm is put over 
when the ship is on the line AC, and the course altered to 

N. 6° E., she will turn so as to arrive on the line YZ. 


westward a distance of 


yards or 67 yards. To allow 


Through the point O draw OB parallel to YZ. It is now 
necessary to find what interval should elapse after passing OB 
before the helm is put over; to do this, the course and speed 
which the ship is making good must be found. 


On the estimated track of the ship take any pomt HL, and 
draw ED to represent 10 knots N. 60° W. on any convenient 
scale; through D draw DF to represent. one knot West on the 
same scale, then HF’ represents the course and speed made good, 
namely, N. 63° W., 10°8 knots. 


Let HF produced intersect OB and AC in B and C respec- 
tively, then the interval required is the time which the ship 
takes to cover the distance BC (340 yards) at 10°8 knots, namely, 
57 seconds. j 


The opportunity for the application of these problems 
frequently arises in pilotage, and the use of a stop watch is 
recommended. 


Tables, which give the times in which various distances are 
covered at various speeds, are supplied to H.M. Ships. 


When rounding a point which is very close to the ship, and 
it is desired to keep at a constant distance from it during the 
turn, the following method may be employed :— Put the helm 
over, an amount corresponding to the tacticai diameter required, 
a little before the point is on the beam, and subsequently 
continue to adjust the helm angle so that the object remains 
abeam throughout the turn. 
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175. Clearing marks.—Clearing marks are two marks 
shown on the chart, a straight line through which runs clear of 
certain dangers ; such a line is shown on the chart with the 
names of the marks and their magnetic and true bearings whep 
in. transit. 


When navigating near a danger, care should be taken not to 
get inside the line of transit of the clearmg marks. As long as 
the ship is kept outside this line, that is, so long as the marks 
are kept open, she will be safe as far as that danger is 
concerned. 


Figure 142 shows the clearing marks for. the Pearl rock at 
the entrance to Gibraltar Bay, and it will be seen that, when 
leaving Gibraltar and bound to the Westward, 8. Garcia point 
must be kept open to the Eastward of Carnero point until Black 
Mill is seen to be in transit with Acebuche point bearing 
Ned AoW ACI). 


176. Clearing bearings.—When no clearing marks are 
available we have recourse to a line of bearing, which may be 
drawn on the chart through some conspicuous point so as to pass 
at a certain distance from a danger; such a line is called a 
clearing bearing and its direction should be noted. By watching 
the bearing of the object selected, when in the vicinity of the 
danger, it can immediately be seen if the ship is on the safe side 
of the clearing bearing. 


177. Vertical danger angle.—A useful method of 
ensuring the safety of the ship when in the vicinity of dangers 
is the employment of the vertical sextant angle (§ 59). 

If the danger to be 
guarded against is close to’ 


high land or a light-house, | QRWN MOS 
. | 
| 


we proceed as shown in the | Lighthouse 
following example :—It is  \ a 4 
required to pass at least 4 RG i 
cables outside a rock which a Si om 
is distant 3 cables from a A ee a 
hght-house L, 150 ft. high 

(Fig. 143). Fie. 148, — 


With centre L and radius (3 + 4) 7 cables deseribe a circle. 
Reference to the Danger Angle and Off-Shore Distance Tables, by 


Lecky, or the formula tan @ = D (§ 59), shows that the angle 


corresponding to this radius is 2°01’, so that as long as the ship 
remains outside the circle, the vertical angle subtended by the 
light-house is less than 2°01’; this angle is called a vertical 
danger angle. | 
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The danger angle should be put on the sextant, and so long 
as the reflected image of the summit appears below the waterline 
of the light-house, the ship is, outside the circle and in safety. 
Should the ship be closer to the danger than expected and 
found to be on the circle, she should immediately turn so 
as to bring the light-house on the beam. When using this 
method consideration must be paid to the height of the tide as 
explained in § 60. 


178. The horizontal danger angle.-—In a similar way 
the horizontal angle between two fixed objects on shore can 
be utilized, and the objects should be selected so as to lie at 
approximately the same distance on either side of the danger to 
be cleared. A mark should be made on the chart at a distance 
from the danger equal to that at which it 1s considered safe to 
pass, and lines should be drawn from the objects to this mark. 
The angle thus formed should be measured and the position 
line corresponding to this angle drawn on the chart, and if the 
angle between the objects is less than that measured, the ship is 
outside the danger and in safety. When the angle between the 
two objects is less than the angle set on the sextant, the image 
of the reflected object will appear to the left of the object viewed 
directly through the horizon glass. In Fig. 142, the position 
line corresponding to a horizontal sextant angle of 66°, between 
the towers situated on Fravle Point and Carnero Point, is shown ; 
provided the horizontal sextant angle between these two towers 
is less than 66°, the ship is outside the position line and im 
safety as regar ds the Pearl Rock. 


179. Avoidance of danger in thick weather.— 
When the ship is in the vicinity of land or dangers in thick 
weather the utmost caution should be observed; the speed 
should be slow and soundings should. be continually taken at 
brief intervals. As already stated (§ 171) the general rule, when 
coasting, 1s to sight all marks when passing them, and when the 
weather is not too thick and the coast is clear of off-lying 
dangers this rule should be followed ; for only by this means 
can the ship’s position be checked from time to time, and thus 
the possibility of the ship being set towards dangers by 
unexpected currents or tidal streams be guarded against. When 
uncertain of the ship’s position in thick weather and in the 
neighbourhood of dangers, the ship should be anchored till the 
weather clears. There is little risk inso doing if the fall of the 
tide is taken into consideration, however exposed the position 
may be, because it is certain that the fog will lift before a 
strong wind can get up. In the event of it not being possible 
to anchor, the course should be altered to lead the ship away 
from the dangers. When close to high land or cliffs the dis- 
tance off shore may sometimes be found (if the echo of the siren 
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can be heard) by timing the interval between the blowing of 
the siren and the receipt of the echo. Remembering that sound 
travels at about 1,130 feet per second, we have the rule that 
the number of seconds in the interval, diminished by one tenth, 
is approximately the number of cables in the distance of the 
ship from the cliff. 


- Example.—The sound of the echo is heard 10 seconds after 
the siren was blown. 
Required the approximate distance of the cliffs. 


EQOA LOU, 
2 x 6080 — 


or by the approximate method 
10 — 1 = 9 cables. 


In thick weather look-outs should always be placed high 
up and low down (§ 165). 


The sound of breakers is often heard before the coast can be 
seen, and the-white line of breakers can frequently be seen at a 
considerable distance in a fog when the land is invisible. 


In all circumstances in thick weather, when it is im- 
possible to fix the position of the ship, the lead i is the only safe 
guide. When rounding a point of land in thick weather the 
soundings on the chart should be carefully examined, and if 
they are seen to decrease more or less regularly towards the 
point, a depth may be selected the fathom line of which every- 
where passes at a safe distance from the point; care should be 
taken that the ship does not get into a less depth of water than 
that selected, due allowance for the height of the tide being 
made when taking the soundings. 


In thick weather special endeavours should be made to keep 
the reckoning as accurately as possible, and every sounding 
taken and quality of bottom obtained should carefully be 
compared with that charted at the estimated position ($$ 67 
and 159). 


180. Preparing the chart.—When a ship is in pilotage 
- waters the prime desideratum is that all information should 
be instantly available for use; for this reason, some time before 
the pilotage waters are entered, the charts, sailing directions, &c., 
should have been studied and the charts prepared, that is the 
proposed track as well as all clearing marks, lines of bearing, 
danger angles, &c., available for assistance in the safe pilotage 
of the ship, should have been laid off and noted. As stated in 
§ 162 buoys must not be looked upon as infallible navigating 
marks, and although their positions in pilotage waters should 
be taken into consideration, it is preferable, when possible, to 
so arrange the track of the ship that the pilotage entirely 
depends on fixed objects, and is independent of the buoys. 


"93 mile or 9°3 cables, 
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When leading marks are shown on the chart the track should 
be arranged so as to make use of them, but when there are no 
leading marks the pilotage should, as far as possible, depend 
on lines of bearing. | 

When selecting an object, on a line of bearing of which it 
is proposed to steer, consideration should be given as to whether 
it will be visible from the ship or not; and this can generally 
be ascertained by examining the height of the object, compared 
with the height of the intervening land as indicated by the 
contour lines, and any information that may be given on this 
point in the sailing directions. Consideration should also be 
given to the distance:of the object selected, because the further 
the object is from the ship the greater is the displacement of 
the ship, due to an unknown error in the deviation of the 
compass (§ 62). 

When deciding on the track, Article 25 of the Regulations 
for preventing collisions at sea should be remembered, 
namely :—“‘ In narrow channels every steam vessel shall, when 
‘it is safe and practicable, keep to that side of the fairway 
‘* or mid-channel which lies on the starboard side of such vessel.” 

It should also be remembered that, on account of passing 
vessels, a ship may be compelled to leave the pre-arranged 
track, and consequently it may happen that a ship is forced to 
pass closer to a particular danger than was originally intended ; 
for this reason, clearing marks or danger angles for all dangers, 
even for those at a considerable distance from the ship’s track, 
and particularly for those situated on the starboard hand, 
should be included in the preparation of the chart. 


The position lines on which the helm should be put over 
should be drawn, and marks selected as explained in § 174. 


All courses, bearings, &c., should be entered in a note book, 
so as to avoid the necessity of constantly leaving the compass in 
order to refer to the chart. 


When piloting in waters like the entrance to the Thames, 
where the shore is distant and low lying and it is difficult and 
sometimes impossible to see any objects on shore, the buoys 
may be the only guide. Before arriving at such a locality, 
particularly if the weather is likely to be thick, when preparing 
the chart, the distances to be steamed on each course and the 
interval of time required to steam between consecutive buoys 
should be noted, in order that, in the event of a fog coming 
on, the time may be known beforehand when each particular 
buoy should be abeam, due allowance having been made for the 
effect of tidal streams. Should a buoy not be sighted and 
passed at the calculated time, it should be assumed that the 
ship is not passing along the pre-arranged track at the intended 
speed, and the utmost caution should be observed. The ship 
should be anchored if there is any uncertainty about her position, 
the depth of water at low tide having been first considered. 
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181. Selection of a position in which to anchor.— 
When selecting a position in which to anchor the ship numerous 
points have to be taken into consideration, namely, the depth of 
water and nature of the bottom, whether the bottom is good or 
bad holding ground (§ 159), whether the anchorage is in a 
landlocked harbour or in an open roadstead, the direction and 
probable strength of the prevailing wind, the strength and 
direction of the tidal streams, and the rise and fall of the tide. 
The length and draught of the ship, and whether she is to be at 
single anchor or moored, as well as the position of the landing 
place, have also to be taken into account. 

It is impossible to give any definite rule as to how near a 
danger a ship may be anchored, but in ‘all cases an ample 
margin of safety should be allowed in order to meet the 
contingency of bad weather coming on and the ship dragging 
her anchors. If the ship is to be moored, the direction of the 
line joining her anchors should coincide, when possible, with 
that of the prevailing wind or tidal stream, and each anchor 
should be sufficiently far from dangers to enable it to be 
weighed without inconvenience whatever the direction of the 
wind may be. If no accurate chart of the anchorage is at hand, 
soundings should be carefully taken within a radius of at least 
three cables from the ship, in order to ascertain if there are any 
uncharted rocks or dangers. 


182. To anchor a ship in a selected position.— 
Having selected the position in which to anchor the ship the 
chart should be prepared as follows :—Select some conspicuous 
object on shore, the line of bearing of which from the selected 
position gives a possible line on which the ship may approach, 
and, if possible, select a second object on the same bearing in 
order that the ship. may approach the selected position with the 
two objects in transit. The remaining part of the chart should 
then be prepared as explained in § 180, the track being so 
arranged that the final. course will be along this line, and that 
the ship will be turned on to it as far from the selected position 
as possible. Thus, in Fig. 144 let A be the position selected 
for the anchor, then the line which passes through Flagstaff and 
Church Spire (N. 225° E.) gives a possible line of approach, 
because it passes through A and runs clear of all dangers ; the 
track of the ship should then be so arranged that her final 
course will be along this line. 

From A lay back AX along the line of approach equal to 
the distance between the anchor bed and the standard compass, 
or between the stem and standard compass when the ship is 
fitted with stockless anchors; then X is the position of the 
standard compass at the instant the anchor should be let go. 

In order to determine the instant at which the standard 
compass will be at X, a position line should be laid off through 
the point X such that the angle which it makes with the line of 
approach is as near a right angle as possible; tlfis position line 
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is generally a line of bearing of an object, the object being on 
or nearly on the beam, but it may be a circle obtained from a 
horizontal sextant angle between two objects situated on either 
bow. Whichever position line may be selected it is important 
that the bearing or horizontal sextant angle should be altering 
rapidly, and for this reason a near object should be selected in 
preference to a distant one, even if the latter is more nearly on 
the beam; for the same reason the horizontal sextant angle 
should not be small and the objects not too far away. The 
sextant being a more exact instrument for measuring angles 
than the compass, the position line by horizontal sextant angle 
should be preferred to the line of bearing, provided that the 
chart is based on an accurate survey. 


When about to anchor it is most important to so reduce 
the speed of the ship that, when the anchor has been let go and 
the engines reversed, the ship may be stopped without any strain — 
being brought on the cables; for this reason, when coming to 
with single anchor, it is customary to reduce the speed of the 
ship when at about a distance of one mile from the position 
selected for the anchor, and to stop the engines at a distance of 
from two to four cables, according to the class of the ship, before 
arriving at the position for anchoring, and to reverse the engines 
at the instant of letting go the anchor. 


To find where to reduce speed and where to stop the engines, 
lay back from the point X along the line of approach a distance 
XZ of one mile and a distance XY of from two to four cables 
according to the class of the ship; the speed should be reduced 
(generally to six or seven knots over the ground) when the ship 
arrives at Z, and the engines should be stopped on arrival 
at Y. The instants of arriving at Z and Y are found in a 
similar manner to that of arriving at X, as will be understood 
from the following example. 


In Fig. 144 the point A at which to anchor a ship has 
been selected, and it is noticed that the line which passes 
through the Flagstaff and the Church Spire also passes through 
the point A and runs clear of all dangers; it is therefore 
decided to approach A along this line (N. 224° E.), with the 
Church Spire and Flagstaff in transit ahead. 


Vrom A lay back AX, 50 yards (the distance between the 
anchor bed and standard compass), then the anchor should be let 
go when the standard compass arrivesat X. Lay the edge of the 
parallel rulers on the point XY and in a direction at right angles 
to the line of approach, and note any conspicuous objects on 
shore that may be on or near the edge of the rulers; it will be 
noticed that a monument lies very near the edge of the rulers, 
its bearing from X being S. 72° E. 

From X lay back XY, 24 cables, and XZ, 10 cables, and it 
will be found that. the most suitable object at Y is a white 
house bearing 8. 60° E., and at Z a beacon bearing N. 50° W. 
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‘:« Therefore the ship, assuming that she has been turned on to 
the line of approach ZA, should be kept on this line by con- 
tinually observing that the Church Spire remains in transit 
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with the Flagstaff, care having been taken when first turning 
on to the line that the bearing of the Church Spire (and Flag- 
staff) was N. 224° E. (Mag.). When the beacon bears N. 50° W. 
the ship’s speed should be reduced to, say, 7 knots. When 
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the white house bears 5. 60° #1. the engines should be stopped, 
and when the monument bears 8: 73° I. the anchor should be 
let go and the engines reversed. 

Should there be a tidal stream or current, such a course 
should be steered that the course made good is along the line 
ZA (§ 25); the distance XY will obviously be greater or less 
according as the tidal stream is with the ship or against her. 

It is always advisable to have an alternative position line on 
which to let go the anchor, in case the object or objects selected 
should be obscured by trees, or ships already at anchor. When 
there is not a second suitable object whose bearing is roughly at 
right angles to the line of approach, a position line by horizontal 
angle should be employed ; for example, in Fig. 144 a segment 
of a circle passing through the Tower, the point X and the 
Windmill cuts the line of approach nearly at right angles and 
contains an angle of 1013°, so that if this angle is set on the 
sextant, the instant of arrival at X will be the instant when the 
images of the Tower and the Windmill are seen in contact 
thr ough the sextant telescope. 


183. To moor a ship in a selected position.—When 
mooring a ship the same principles are made use of as when 
anchoring, but in this case it is first necessary to decide what 
length of cable shall be out on each anchor when the ship has 
been moored. As a general rule the amount of cable for a 
heavy ship is six shackles on each anchor. As explained in the 
Seamanship Manual, one shackle of cable is usually required to 
go round the bows in order that the mooring swivel may be 
shackled on, and therefore the distance between the two anchors, 
when let go, is (6 x 2 — 1) 11 shackles ; therefore the distance 


of each anchor from the point A should be mI shackles, that is 


2 

oe or 137 yards. The distance of each anchor from the 
point A should be slightly less where the rise of the tide is con- 
siderable or the depth of water great. From A, Fig. 145, lay off 
AB and AC in both directions along the line of approach, each 
equal to 187 yards, then B and C are the positions for the two 
anchors. From B and C lay back BX and CX’ each equal to 50 
yards (the distance between the anchor bedand standard compass), 
then the first anchor should be let go when the standard compass 
arrives at X,and the second when it arrives at X’. To find 
when the standard compass arrives at X and X’ we ascertain the 
bearings of the Monument from these points as when anchoring. 
The first anchor should be let go when the Monument bears 
S. 814° E. or when the angle between the Tower and Windmill 
is 924°; the second anchor should be let go when the Monument 
bears S. 623° E. or when the angle between the Tower and 
Windmill is 112°. 

The positions at which the speed should be reduced and the 
engines stopped are determined as in the previous example, the 
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distance XY in this case being taken as 14 cables, because rather 
more way is required when mooring than when coming to 


single anchor. 
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The weather anchor shouid always be let go first in order 
that the cable may be clear of the stem while the ship is being 
middled, and great care should be taken that the ship’s head is 
kept perfectly steady till the second anchor has been let go, in 
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order that the cable may be laid out in the straight line which 
contains the point A. 


184. Example of the preparation of a chart with 
a view to anchoring.—The following example shows the 
method of preparing the chart for entering Berehaven by the 
Western entrance and taking up an anchorage off Mill Cove. 
In practice the large scale chart should be used, but for con- 
venient representation in this book the example is shown on a 
portion of Admiralty chart, 1840. (Fig. 146.) 


The necessary details of the ship are as follows :— 
Extreme length = - - - A400 feet. 
Maximum draught - - - 26 feet. 
Anchor bed to standard compass - 150 feet. 


Alteration of course (in points) - - Oh A 6 8 | 10 


Distance to new course for 15° of helm (in 


yards)-  % 2S | 280 | 965) 40 bec tees 


After consideration it has been decided that in this case a 
distance of 24 cables from the five-fathom line gives a sufficient 
margin of safety, and therefore the point A, whose minimum 
distance from the five-fathom line is 24 cables, has been selected 
for the position of the anchor. 

Having the approach in view, lay the rulers on the five- 
fathom line between the Volage and Hornet rocks and also North- 
East of Sheep Island, and it will be seen that a line in the 
direction 8. 82° E., when drawn through the point A, is a safe 
course on which to approach A and, when produced, passes 
through the extremity of Carriglea Point (not shown in the 
Figure). 


N W 
Through A draw a line g 82° 7, and from A lay back AX 


equal to 50 yards; from NX lay back XY and XZ equal to 
24 cables and | mile respectively. 

As explained above (§ 182) the pier head on a bearing 8. 8° W. 
gives the position of X ; Corrigagannive Point on a bearing 
N. 13° E. gives the position of Y; and the Volage Rock buoy 
abeam gives the position of Z. 

On examining the chart it 1s found that two leading marks 
are given and a track recommended for the Western entrance, 
and it is noticed that one of the leading marks leads in a depth of 
4% fathoms just North Eastward of Harbour Rock but this will 
not matter provided the state of the tide is not near low water 
of ordinary springs. It is therefore proposed to pass through 
the Western entrance making use of the leading marks. 

Let the line AZ intersect the leading mark ‘‘ Dunboy Turret 
in line with South extreme of Old Fort Point’”’ in B, and let 
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this leading mark intersect the leading mark “Red stripe on 
West End of Coast-guurd building in line with Beacon” 
in QC, and let the last mentioned leading mark intersect the 
recommended track in D. 


The ship should therefore be steered so as to pass along the 
track HDCBX, due allowances being made for the effects of 
the tidal stream. In this example it is considered to be slack 
water, and it is now necessary to find the positions at which the 
helm should be put over. The course along HD is N. 27° E., 
and along DC is N. 45° E. so that the alteration of course is 18°, 
and from the table above it will be seen that the corresponding 
distance to new course is 210 yards. From D along DE lay 
back DF 210 yards, and through fF’ draw a dotted line parallel 
to DC ; if, therefore, the helm is put over when the ship is on 
the dotted line through F she will turn on to the line DC. It 
will be noticed that the dotted line through F' passes through 
the highest point of Dinish Island, so that if the helm is put 
over when the summit of Dinish Island bears N. 45° E. or when 
Na-glos Point is just before the starboard beam, the ship will 
turn on to the leading mark “‘ Red stripe on West end of C.G. 
building in line with the beacon on Dinish Island ” bearing 
N. 45° E.; it is obvious that the marks must be carefully kept 
on till Harbour Rock has been passed. 


Tn asimilar manner lay back CG along CD equal to 359 yards, 
the distance to new course for the next alteration, and note that 
the dotted line through G in the direction of the next course 
N. 86° E. passes through the Northern extremity of Sheep Island, 
so that if the helm is put over when this point bears N. 86° E. 
the ship will turn on to the line CB, and Dunboy Turret will be 
in line with the South Extreme of Old Fort Point, astern. As 
the ship will in this case be turning on to a stern mark, she 
must be steadied on N. 86° E. by compass (§ 172). In a similar 
manner lay back BH equal to 160 yards, and draw a dotted line 
through H in the direction of the new and final course 8. 82° E. 
It will be noted that this dotted line does not pass through or 
near any conspicuous object of which a bearing can be taken, 
but, if the ship is exactly on the leading marks, the helm should 
be put over when Privateer Rock Perch bears N. 14° W. If the 
ship is not exactly on the leading mark, her position should be 
fixed and the helm put over when she arrives at the dotted line 
through H; the ship should now be steadied on to her final 


course 8. 82° E. which coincides with the bearing of Carriglea 
Point. 


The speed of the ship should be reduced, the engines stopped, 
and the anchor let go as previously arranged. 


It will be noticed that the ship should pass 100 yards off 
Volage R ock buoy, and this should prove a valuable check on 
the position of the ship, especially as Carriglea Point (not 
shown in the Figure) is rather distant for a line “of bearing. 

u 17415 S 
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185. Conning the ship.—In the majority of ships the 
officer, whose. duty it is to direct the helmsman how the ship is 
to be steered (to con the ship), is situated in a position from 
which a comprehensive view of the surroundings can be obtained, 
but from which he is often unable to see the helmsman; con- ~ 
sequently, it is most important that the necessary orders should 
be given to the helmsman in such a way that no ambiguity can 
arise. 

On arriving at the place where the helm is to be put over 
the order to the helmsman should be given thus :—“ Port 25,” 
‘““Hard-a-Starboard,” &c., particular care being taken to state 
the amount of helm required. 

At some time before the ship’s head is in the required 
direction, depending on the rate at which the ship swings, orders 
should be given to reduce the helm and to put it amidships, thus 
‘Ease to 20,” ‘“ Ease to 10,” “ Midships.” 

In order that the swing of the ship may just be stopped 
when the ship arrives on her new cour se, an or ee for the requisite 
amount of opposite helm should be given ; the. helmsman 
should be given the order ‘‘ Meet her,” when he will check the 

swing of the ship as rapidly as possible. 

When the ship’s head comes exactly‘on to the new course 
the order “ Steady” should be given, and this order means :— 
keep the ship's head in the direction in which it is at the instant 
the order “Steady” is received. After receiving the order 
“Steady ”’ the helmsman should continue to keep the ship's 
head in the same direction until a further order has been 
received. 

When the helmsman receives the order.“ Steady ” he should 
report the course, as indicated by the steering compass, to the 
officer conning the ship. 

The helmsman should repeat back every order which is 
given to him with regard to the helm. 

When giving orders for small alterations of course it is 
usual to name the actual degree which it is desired that the 
helmsman shall steer ; for example, if the helmsman. is steering 
N. 80° E. and it is desired to alter course so as to keep 5° further 

over to port, the order “Steer N. 75° E.” should be given. 
| If a ship is off her course the fact should be pointed out to 
the helmsman by saying ‘“ You are 3° to the Northward of your 
course’’ or “ You are 3° to the Eastward of your course,” as the 
case may be, care being taken to indicate that cardinal point to 
which the ship’s head is too near. 

When altering course, orders should be given for sufficient 
helm to cause the ship’s head to move immediately. If the 
alteration of course is small, the helm should be eased as soon 
as the ship’s head is seen to ‘be moving. 

To see if the ship is beginning to respond to the helm, the 
land or the horizon should be watched and the ship’s head will 
be observed to move before there is any indication at the 
compass. If conning from forward any movement of the ship’s 
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head will be detected more quickly by looking aft, and vice 
versa. Tf, during an alteration: of course, interruptions occur 
which make it necessary for the officer, who is connin g the ship, 
to direct his attention elsewhere, he should, before leaving the 
compass, give the helmsman a course on which to steady the 
ship, thus “Steady her on North East”; and subsequently, 
he should steady the ship on her proper course by standard 
compass as soon as possible. 

On taking charge of the ship the amount of helm which the 
ship is carrying should always be ascertained. It is important 
to. remember this, because, if the ship 1s carrying any helm, it is 
necessary to allow for it when altering course. 

After steadying the ship by the standard compass on the 
new course, an interval of about five or ten minutes should be 
allowed to elapse, after which the ship should be steadied agam 
- soas to give the compasses time to settle down ; this is a valuable 
check on any mistake that may have been made when. the 
original order “ Steady ”’ was given. 

When a ship is to be on a course for a few minutes only it 
is a waste of time to steady her very carefuily, for a degree in 
either direction is of little importance in a distance of a mile or 
two ; but, if the ship is to remain on her course for’ a consider- 
able: time, the greatest care should be:taken that the Slee. is 
BENS on her course as accurately as possible. 
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PART III—THE ATMOSPHERE AND OCEAN. 


CHAPTER XIX. 
THE WEATHER. 


186. The atmosphere.—In Parts I. and II. navigation 
has been treated without special reference to the movements of 
the media, the atmosphere and ocean, through which the ship 
steams. These movements are known as the winds, the rise and 
fall of the tide, the tidal streams and currents, all of which 
should be taken into careful consideration in the navigation of 
the ship ($ 39 and 47), and obviously no movement of the 
one can take place without some movement of the other. We 
shall first deal with the weather and forecasting the weather, 
weather being a general term for the state of the atmosphere 
with respect to its temperature, pressure, motion, humidity, and 
electrification. 

The atmosphere is a gaseous body surrounding the earth ; 
it is elastic, very sensitive to the action of heat, and is necessarily 
much denser in the vicinity of the earth’s surface than above 
that level. 

Observations have shown that at a height of 7 miles the 
atmosphere is so rarefied that great difficulty is found in 
breathing, and at a height of about 40 miles the atmosphere 
is no longer capable of refracting the sun’s rays. The atmo- 
sphere may be assumed to extend to about 200 miles above the 
earth’s surface. 

The atmosphere always contains a certain amount of 
aqueous vapour, although it is seldom, if ever, completely 
saturated. The ratio of the quantity of aqueous vapour present 
in the atmosphere at any place to that which it would contain 
if it were saturated, the temperature remaining the same, is 
called its humidity. The humidity is measured by means of an 
“instrument called a hygrometer which is described in Part IV. 


187. The pressure of the atmosphere.—If all parts 
of the atmosphere had the same temperature, there would be 
perfect calm and the surface pressure of the atmosphere would 
be everywhere the same. In consequence of the equatorial 
regions being ata higher temperature than the polar regions, 
the atmosphere over the equatorial regions rises and that over 
the polar regions falls; at the same time the upper strata of the 
atmosphere flow from the equator towards the poles, and the 
lower strata flow from the poles towards the equator. If the 
earth had no rotation on its axis, this circulation would take 
place in the planes of the meridians. On account of the rotation 
of the earth, however, rising air is deflected to the Westward, and 
falling air to the Eastward ; also, as will be understood from 
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the following article, air moving from the equator towards a 
pole is deflected to the Eastward, while in moving towards the 
equator it is deflected to the Westward. 

The result of this circulation of the atmosphere is that in 
high latitudes the atmosphere is moving faster than the earth’s 
surface, its centrifugal force is consequently increased, and it 
tends to press on the atmosphere in lower latitudes. Again, the 
expansion of the atmosphere over the equatorial regions due to 
the high temperature there causes it to press on that in higher 
latitudes. ‘The combined effect is to raise the pressure of the 
atmosphere in about latitude 30°, above that in higher or lower 
latitudes, and the distribution of the atmospheric pressure is 
roughly as shown in Fig. 147. 

When the temperature at any place is higher than that in 
the surrounding area, the air over that place expands and rises, 

Pp and the upper strata flow 
outwards; the result is 
that the pressure of the 
atmosphere at that place 
is reduced below that in 
the surrounding area. 
Due to this cause we may > 
expect that the average 
pressure at any place will 
be different in summer 
and winter. Now the 
land is more susceptible 
to changes of temperature 
than the sea, and so we 
find that between summer 
and winter larger differ- 

ai ences’ of pressure’ occur 
rear over the land than over 
the sea. 

The pressure of the atmosphere is measured by means of an 
instrument called the barometer, in which the pressure is 
measured by the height, in inches, of the column of mercury 
necessary to balanceit. The barometer is described in Part IV. 
The average pressure of the atmosphere is about 29°9 inches. 

Figs. 148 and 149 show the mean pressure of the atmosphere 
for the months of February and August respectively, by means 
of lines drawn through all places where the mean height of the 
barometer during these months is the same. These lines are 
called isobars and the charts on which they are drawn are 
ealled isobaric charts. 

On examining the charts it will be seen that the average 
pressure conforms fairly closely to what has been said above. 
Thus, over the equatorial belt the pressure is everywhere 
relatively low ; over the various oceans, between the latitudes of 
20° and 40°, the pressure is relatively high, while in latitudes 
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higher than 60° it is low. The most marked difference in the 
isobars for the two seasons occurs over the continent of Asia, 
owing to the great susceptibility of the land to changes of 
temperature, and it will be seen that in the Northern summer 
and winter the pressures over this area are low and high 
respectively ; this change occurs in a less marked degree over 
the other continents. 

It will be noticed that in several cases the isobars are closed 
curves, which enclose areas of high or low pressure ; the centres 
of these areas are often referred to as centres of high and low 
pressure respectively. 


188. Cause and direction of wind.—If a place hes 
between two areas whose barometric pressures are different, 
the air flows from the area of relatively high pressure to that of 
relatively low, and wind is experienced at that place. 

The velocity of wind depends on the relative pressure in 
adjoining areas, and is determined by the steepness of the 
barometric gradient ; in other words, the strength of the wind 
at any place depends on the difference in the heights of the 
barometer on either side of that place. ‘To compare barometric 
_ gradients it is customary to reduce them to hundredths of an 
inch of mercury per fifteen nautical miles. The steepest 
gradient ever observed was at False Point in India where it was 
238, so that, in a distance of 15 miles, there existed a difference 
of barometer readings of 2°38 inches. 

lor purposes of reference a scale, called Beaufort’s scale, is 
usec. to classify winds of various velocities, and is given in the 
beginning of the Ship’s Log and in the Barometer Manual. — 

‘The direction of the wind depends on its velocity due to 
the barometric gradient, and on that due to the rotation of the 
earth. [f we suppose that the atmosphere is in a state of perfect 
calm, any small portion of it is moving to the Eastward at the 
same speed as the locality over which it is situated, so that, 
although there may be perfect calm over the whole earth, any 
particular portion of the atmosphere in contact with the earth 
in latitude L is moving Hast at 900 cos L knots ; this would be 
the condition:of the atmosphere in the absence of disturbing 
influences. 

Let O, Fig 150, be a centre of 16 pressure in latitude L 
North where the atmosphere has a speed of 900 cos L knots 
Kast and some upward velocity. Let A be a point in a higher 
latitude L’ where the atmosphere is moving East at “900 
cos L’ knots and, on account of its pressure being higher 
than at O, is moving South at a certain speed. The horizontal 
velocity of the atmosphere at A, relative to the centre of low pres- 
sure-at O, may be found by reducing O to rest and giving the | 
atmosphere at A an additional velocity 900 cos L knots West. 
Thus, relative to O, the atmosphere at A has a velocity 900 
(Cos E—Cos-E/ ) knots West and a certain speed South ; conse- 
quently the direction of its resultant speed lies between South 


o 


267 Art. 188. 


and West. Now the direction of the wind is named, not by the 


rhs phe nn ee OY cos innate: 


phd 


SO00ces E knots <--+-------- = ass at 900 cos L knots 


<Q a a eee eo 


B 


Equator 
Pig. .b50. 


direction in which the atinosphere is moving but by the point 
of the compass from which it has come, so that an observer in 
the vicinity of A experiences a wind from between North and 
Kast, that is a North-Easterly wind. 

Similarly, if we consider another point B in a latitude lower 
than that of O, and where the pressure of the air is greater than 
that of O it will be seen that an observer in the vicinity of B 
will experience a South-Westerly wind. 

; From a consideration of a large number of points such as A 
and B, we conclude, that about the centre of low pressure 0, 
there is a circulation of the atmosphere in an anti-clockwise 
direction, inclined spirally inwards and rising. If the centre of 
low pressure were in the Southern hemisphere the circulation 
would be in a clockwise direction. Winds, thus circulating 
about a centre of low pressure, are called cyclonic winds. 

Conversely, if a portion of the atmosphere has its pressure 
increased above that of the surrounding areas, there is a flow 
from it to areas of relatively lower pressure. We conclude that, 
round an area of high pressure there is a circulation of the 
atmosphere in a clockwise direction in the Northern hemisphere, 
and in an anti-clockwise direction in the Southern hemisphere, 
and inclined spirally outwards. Winds, thus circulating about 
an area of high pressure, are called anti-cyclonic winds. 

From the above, it will be seen that at any place there exists 
a relation between the direction of the wind and the bearing of 
the nearest centre of low pressure; this relation is known as 
Buys Ballot’s law, and may be enunciated thus :-— 


In the Northern Hemisphere. In the Southern Hemisphere. 


Stand with your face to the Stand with your face to the 
wind, and the barometer will wind, and the barometer will 
be lower on your right hand be lower on your left hand 
than on your left. than on your right. 
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189. Permanent winds. Trades and Westerlies.— 
Reference to the charts, Figs. 148 and 149, shows that North 
and South of the equator there are permanent areas of high 
and low pressure; therefore, in conformity with Buys Ballot’s 
law, it may be expected that about these areas there are winds 
whose speeds and directions are more or less permanent. Let us 
consider the effect of the areas of high and low pressure in the 
‘North Atlantic. The direction of the wind is as shown in 
Figs. 151 or 152; between the latitudes of 30° and 10° N. there 
is a N.E. wind, while in the neighbourhood of the parallel of 
40° N. the wind is more or less Westerly. These winds are 
called the North-East Trade wind (Trades) and the Westerly 
wind (Westerlies). Similarly it will be seen that there are 
N.E. Trades and Westerlies in the North Pacific, and S.E. 
Trades and Westerlies in the Southern ocean. Owing. to the 
comparative absence of land in the Southern hemisphere the 
Westerly winds blow there with considerable violence, and the 
region over which they blow, between the latitudes of 40° and 
60° S., is called the “ roaring forties.” 

Between the Trades and Westerlies the winds are variable 
in direction, and the areas over which these variable winds 
prevail are called, in the Northern hemisphere, the Variables of 
Cancer and, in the Southern, the Variables of Capricorn; they 
take tHeir names from those sometimes given to the parallels 
of latitude of 23° 27’ N. and 8. (the Tropic of Cancer and the 
Tropic of Capricorn). Between the N.E. and the 8.E. Trades 
there is an area of calms which is known as the Doldrums; in. 
this region the weather is generally characterised by clouds and 
rain, but occasionally by eddies or whiriwinds which form the 
nuclei of the great tropical storms. 

The area of low pressure over the equator, and so the limits 
of the Trade winds, has a periodic movement North and South 
corresponding to the movement of the sun in declination. 
The following table shows the approximate Trade wind lmits 
in the various oceans. 


Ocean. In January. In J uly. 
North Atlantic SELON: too: ANE 10°-N to SON 
South Atlantic ~ 7) tO mao! 5° N. ago 
North Pacific STOR eC ORRIN: 12° Nj SG 
South Pacific 24 INS ASO tS 8° Nay, Bees 


South Indian Lh DIU Sa eeoUT ey 0 
Figs. 151 and 152 show the areas where the Trades and 
Westerlies prevail. 


190. Periodic winds. Monsoons.—--Let us now con- 
sider the effect of the great change of pressure which takes 
place over the continent of Asia ($187, Figs. 148 and 149). In 
the Northern summer this continent becomes excessively heated 
and the pressure is reduced below that of the neighbouring 
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equatorial regions ; the result is that a cyclonic wind system, 
with its centre over Asia, is introduced, and a S.Wly. wind, 
known as the S.W. Monsoon, prevails over the Indian Ocean 
and the China Sea. The centre of this cyclonic system is 
approximately over the Himalayas and, as the barometric 
gradient becomes steeper as the centre is approached, we find 
that the 8.W. Monsoon in the Indian Ocean blows with great 
violence, while in the China Sea it is a light wind. 


In the Northern winter, however, owing to the continent 
losing its heat more quickly than the ocean, the pressure of the 
atmosphere over the continent is raised above that over the 
neighbouring equatorial regions; the result is that an anti- 
cyclonic system, with its centre over Asia, is introduced, and a 
N.fly. wind, known as the N.E. Monsoon, prevails over the 
Indian Ocean and China Sea. In this case the centre of the 
anti-cyclonic system is situated over Hastern Asia, and con- 
sequently the N.E. Monsoon in the China Sea blows with 
considerable violence, while in the Indian Ocean it is a light 
wind. 

From November to March the N.E. Monsoon blows across 
the equator, and, on account of the change of the speed of the 
earth’s surface in different latitudes, changes its direction and 
becomes what is known as the N.W. Monsoon which blows 
from a direction between N.W. and 8.W. 


The following are the approximate seasons of the Mon- 
soons :— 
S.W. Monsoon, March to September. 
N.E. and N.W. Monsoons, October to March. 


Figs. 151 and 152 show the areas where the Monsoons 
prevail. 

Another example of the effect of land is found in the winds 
round Australia. In the Southern summer a low pressure 
exists over Australia due to the heating of the land, and the 
winds round the continent are therefore cyclonic; in the 
Southern winter the reverse takes place and the winds are 
anti-cyclonic. 


191. Land and sea breezes.—The land and sea breezes 
which characterise the summer climate of nearly all sea coasts 
are analogous to the monsoons. The land becomes abnormally 
heated by day, a low pressure is produced, and a breeze draws 
in from seaward which continues until the evening. During the 
night the land loses its heat more rapidly than the water ; the 
daytime conditions are therefore reversed, and a land breeze 
springs up which continues until the morning. 


192. Diurnal variation of the barometer.—Apart 
from the effects of land, the changes of temperature by day and 
night give rise to a periodic variation of pressure, which is most 
marked in the tropics. The barometer rises from about 4" A.M. 
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to10"4.m.,falls during the heat of the day until about 4" p.m, and 


then rises again until about 10" p.m 
4>.a.M. and so on. 


., when it once more falls til 
This diurnal variation has a range of about 


‘07 of an inch. in the tropics, but it is much less outside those 
regions, where it may still be traced if the mean of a large 
number of observations is obtained. The regularity of this 
diurnal variation of the barometer in the tropics is of particular 
value, because, if the barometer readings on any day do not con- 


form to it, 


it is certain that some disturbance exists in the 


neighbourhood, as will be seen in the following chapter (§ 207). 


193. Local winds.— 


On account of varying local con- 


ditions, the winds, experienced in different parts of the world 


have special characteristics and usually have local names. 


The 


following table gives the most important local winds and the 
seasons at which they blow. 


Name. Locality. Season. 
Harmattan - | Cape Verde to Cape | December, January 
Lopez. and February. 
Tornado - West Coast of Africa | March to June. 


South-Easter ~- 
North-Wester - 


Westerly - - 


Hasterly - - 
Scirocco (8.H.) - 
Gregale (N.E.) - 
Bora (N.E.) 

Ktesian (Nly.) - 
Mistral (N.W.) - 


Norther - : 
Pampero - - 
Hasterly - - 
Williwaws - - 
Norther - - 
N.N.W. -- - 


8.S5.E. - . 
Shamal (N.W.) - 
Kaus (S.H.) - 


Belat “€N.* to 
N.N.W.). : 

Hlephanta - - 

Fort Dauphin 
(E.N.E ). 


Southerly Burster 


extending as far 
South as the River 
Congo. 


Cape of Good Hope - 


Do. do. - 

North “Coast +. -of 
Africa, 

Do. do. - 


Malta and Hany - 
Malta - - 


Adriatic - - - | 


Grecian Archipelago 
| Gulf of Lyons - - 


Gulf of Mexico - 
Rio de la Plata - 
Cape Horn” - - 
Strait of Magellan - 
Bay of Panama - 
Red Sea, Southern 
part. 
Do. do. - 
Persian Gulf - - 
Do. o-Aytha 


Arabia, South Coast 


| India, Malabar Coast 


Madagascar, South 
Hast end. 


Australia. 


| 
| 
| 
| 


October and Noy- 
ember. 


f 


October to April 
May to September | 


Winter. 


Summer. 

Do. - - - 
Winter. 

Do. 
Summer. 


- - - - 


September to March. 
July to September. 


| April to July. 
Frequent - 


December to ecie: 
June to September. 


October to May. 

General. 

December to April - 

December to March 

September 
October. 


General. 


and, 


Remarks. 


A very dry wind from 
the desert laden 
with fine sand. 

A violent squall off 
shore followed by a 
downpour of rain. 


North-Hasterly winds 
very seldom blow 
at the Cape of Good 
Hope. 


A hot damp wind. 


The most ‘frequent 
wind, often becomes 
a gale in winter. 


Very heavy squalls. 


with 
during 


Alternates 
- Shamal 

these months, 
A strong land wind. 


Southerly or South- 
Easterly gale which 
closes the South-. 
West Monsoon. 
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NAMES. 


MARE’S TAIL 


CIRRUS 


27,000 to 50,000 ft. 


CIRRO - STRATUS 


AVERAGE 29,500 ft. 


MACKEREL SKY 


CIRRO - CUMULUS 


10,000 to 23,000 ft. 


ALTO - CUMULUS 


10,000 to 23,000 ft. 


ALTO - STRATUS 


10,000 to 23,000 ft. 


STRATO-CUMULUS 


ABOUT. 6,500 ft. 


CUMULUS 


4,500 to 6,000 ft. 


STORM CLOUD 


CUMULO-NIMBUS 


4,500 to 24,000 ft. 


RAIN CLOUD 


NIMBUS 


3,000 to 6,400 ft. 


STRATUS 


0 to 3,500 ft. 
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194, Causes. of clouds, rain, &c.—When the atmo- 
: Aelieni pressure at any place is lower ee that of the surrounding 
areas the air at that place rises, and, if situated over the ocean, 
the rising air carries with it a large quantity of aqueous vapour 
resulting from the evaporation of the water. As this column of 
air and aqueous: vapour rises, it expands still further owing to 
the rarefied: state of the upper regions of the atmosphere; this 
expansion is accompanied by loss of heat, and this loss together 
with a low. temperature over.the upper regions causes the 
aqueous vapour to be condensed; the condensed vapour com- 
bined with the multitude of small particles floating in the 
atmosphere presents the appearance known as clouds. 
-'Two theories of the formation of the clouds have been put 
forward :— 
(1) Condensation by cooling, which is the most general 
| process and is that sketched above. 
~ (2) Condensation by mixing, which takes place when a mass 
of moist air encounters in its ascent another mass of 
moist air which is at a different temperature. 


The appearance of clouds depends on the way in which they 
have been formed and on the height at which condensation took 
place. 

Fig. 153 shows the four fundamental forms of Apne 
namely :—cirrus, cumulus, nimbus, and stratus, as well. as six 
others, together with their average heights. It is supposed 
that cumulus, nimbus and rain are due to process (1), that sur- 
face fog, which is only cloud in contact with the earth, is due 
to process (2), and that as regards the other forms of clouds it is 
impossible to say to which process they may be assigned. 

Rain always falls from the nimbus cloud and results from the 
condensation being so great that water is precipitated. Should 
the conditions of the atmosphere be such as to condense and 
freeze the aqueous vapour in its ascent, the precipitation is in 
the form of hail. 

-»: The conditions for the condensation of aqueous vapour in 
the form of snow are unknown. 

Dew is formed when the surface of the earth becomes 
sufficiently cold: to. condense: the aqueous vapour in the atmo- 
spliere which is in immediate contact with it. The temperature 
at which this oceurs is called the dew point. If the dew point 
is below freezing point, the deposited moisture is known as 
hoar frost.: It is obvious that, when a wind is blowing, neither 
dew nor hoar frost can be deposited. 

When two winds, which are blowing in opposite directions 
at some distance above the earth’s surface, come in contact a 
vortex is caused and a rain clouds sometimes brought down to 
the earth’s surface by the rapid gyrations of the air. This 
presents the appearance of-a tapering funnel of water joining 
the surface of the sea to the cloud, and is known as a water- 
spout. Waterspouts are common in many parts of the ocean 
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where the climate is warm, and particularly in the Western 
basin of the Mediterranean Sea. They should not be approached 
too closely. 


195. Causes of fog.—When warm air which is greatly 
saturated with aqueous vapour passes over cold water, the 
temperature of the air is reduced, the aqueous vapour is con- 
densed and fog is formed. 

When a cold wind blows over warm water the aqueous 
vapour which is evaporating from the water is chilled with the 
same result. 

When a deep ocean current is opposed by a shoal, such as, 
for example, the Davis Strait current by the banks of New- 
foundland, the cold water from below is driven to the surface, 
and if its temperature is below dew point fog is formed. 

Another cause of fog is the interlacing of currents, the 
temperatures of which differ considerably, such as the Gulf 
Stream and the Davis Strait current. 

A bank of fog may be driven by the wind to a considerable 
distance from the place where it originated, provided there 1s 
hittle or no difference in the temperature of the air and surface 
water, but such fogs soon disappear. 

Some fogs have a tendency to le in a thin stratum which 
extends only some 30 or 40 feet above the surface of the sea, 
this probably occurs when the water is colder than the air. It 
is quite possible to see over such fogs from the masthead, but, 
on the other hand, there are fogs which have little density till 
they have attained a height of several feet. Thus we see the 
necessity of placing lookouts as high up and as low down as 
possible when a ship is steaming in a fog. 


. The following table shows the important localities where 
fogs are frequent and the seasons at which they occur :— 


Locality. Season. 
British Islands - - - At all seasons, but most fre- 
quently in the Channel 
during January and June. 
West Coast of Africa, north of November to May. 
the equator. 
West Coast of Africa, south of June to August. 
the equator. . 
West Coast of North America Very frequent in the summer. 


Banks of Newfoundland - - At all seasons, but most fre- 
quent in June and July. 

Coast of China - - - January to April. 

Japan - - - - - April to June. 


196. Atmospheric electricity. —The atmosphere is 
charged with electricity which is generally at a different 
potential to that of the earth; the cause of this electricity is 
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uncertain, but there is no doubt that it exists in the minute 
particles of aqueous vapour which, due to evaporation, are con- 
tinuously rismg. When the difference of potential between a 
cloud and the earth is sufficiently great a discharge takes place 
from the former to the latter, and it is accompanied by a 
brilliant flash known as hightning and bya violent report known 
as thunder. Thunder and lightning may also be caused by 
an electrical discharge between two clouds. | 

Thunder clouds are sometimes as near the earth’s surface as 
700 feet, but more usually their height is between 3,000 and 
6,000 feet. The distance of a thunder storm from an observer 
may be estimated approximately by noting the number of seconds 
which elapse between the flash of lightning being seen and 
the thunder being heard. Remembering that sound travels 
at about 1,150 feet per second, we have the rough rule—the 
distance of the storm in cables is about twice the number of 
seconds observed. 

In order to eliminate the possibility of danger in the event 
of a ship being struck by lightning, lightning conductors are 
fitted on each mast. 

The effect of lightning striking the ship is usually very 
noticeable at the magnetic compass. 

Another effect of atmospheric electricity is the Aurora 
borealis, which is a brilliant light in the heavens in high North 
latitudes; it is most frequent at the equinoxes, and least so 
at the solstices. The Aurora australis is a similar light visible 
in the Southern hemisphere. 

Still another effect is that known as St. Elmo’s fire, which is 
sometimes seen when a discharge of electricity takes place at 
prominent points, such as the extremities of a ship’s yard 
arms; it appears in the form of small balls of fire and is 
particularly noticeable on dark tempestuous nights. 
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CHAPTER XX. 


FORECASTING THE WEATHER. 


197. The synoptic system of weather analysis.— 
In the previous chapter the effect of the more or less permanent 
areas of high and low pressure has been discussed. On account 
of temporary and local causes small areas of high and low 
pressure are found which are generally in motion, following more 
or less the normal direction of. the wind, and bringing about 
variations in the normal weather at the various places which 
they pass. In this chapter we shall briefly indicate how to 
forecast the weather at any place on any particular day. 

To foreeast the strength and direction of the wind and-the 
type of weather likely to be experienced, a system, called the 
synoptic system, is employed. A synoptic or synchronous chart 
of a region is one on which-is shown the distribution of the 
_ various meteorological elements, namely the barometric pressure, 
the temperatures of the air and water, the strength and direction 
of the wind, the weather, &c., over the region for the same 
instant of time. Simultaneous observations, taken at a large 
number of stations and also on board ships, are placed on the 
chart, the barometer readings having first been reduced to sea 
level and to a temperature of 32° F in latitude 45°. The isobars 
are then drawn, as well as a number of arrows which. indicate 
the direction and strength of the wind. All points at which 
the temperature is the same are joined by lines called isotherms. 

A specimen synoptic chart is shown in Fig. 154. 

From a study of a very large number of synoptic charts, 
more than eleven hundred of which are constructed each year 
at the Meteorological Office, the following important general- 
isations have been deduced. 


(1) In general, the configuration of the isobars takes one of 
seven well defined forms. 

(2) Apart from the form of the isobars, the wind always takes 
a definite direction relative to the trend of these lines 
and the direction of the nearest area of low pressure. 

(3) The velocity of the wind is nearly always proportional 
to the closeness of the isobars, that is to the steepness 
of the barometric gradient. 

(4) The kind of weather, apart from the wind, depends 
generally on the form of the isobars. Some forms are 
associated with good and some with bad weather. 

(5) The area mapped out by the isobars is constantly 
shifting, so that, as it drifts past any place, change of 
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EXPLANATION. 


BAROMETER —Isobars are drawn for each tenth of 
an inch. 


WIND —Arrows, flying with the wind, show Direction 
and Force, thus :— 

Force above 10 »———-» Force 8 to 10 »——> “Me (e) i 

Force 4to7 ———» Force ! to 3 Lites 
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weather is-‘experienced. The motion of an area 
mapped out by isobars follows a certain law which 
makes forecasting possible. 

(6) Sometimes in the temperate zone, and constantly in the 
tropics, rain falls without any appreciable change in 
the isobars. This kind of rain is called non-isobaric 
rain. 


198. The seven fundamental forms of isobars.— 
Fig. 155 shows in a diagramatic form the broad features of the 
distribution of pressure over the North Atlantic on February 27th 
1865. In this Figure the seven fundamental forms of isobars 
are shown ; at. the top we see two cyclones, the isobars round 

each of which are rather close together. Just South of the left 
hand cyclone the isobar of 29°9 inches forms a nearly circular 
loop enclosing an area, the pressure over which is lower than 
29°9 inches; ‘this is called a secondary cyclone because it is 
generally second ary or subsidiary to some primary cyclone. 
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Further to the left the same isobar bends into the shape of 
the letter V and encloses an area of lower pressure ; this form 
is called a V depression. Between the two cyclones the isobar 
projects upwards and encloses an area of higher pressure ; this 
form is called a wedge. 

Below all these there is an oblong area of high pressure, an 
anti-cyclone, round which the isobars are very far apart. 
Between the two anti-cyclones there is a neck of relatively lower 
pressure which is called a col. 

Lastly, at the lower edge of the diagram an isobar may be 
seen which does not enclose an area; Tes is called a straight 
isobar. 

It has been found that, in the temperate zone (§ 138), cyclones, 
secondary cyclones, V depressions, and wedges usually move 
to the Eastward at about 20 miles an hour, while anti-cyclones 


are often stationary for days. 
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199. The cyclone.—Fig. 156 shows the kind of weather 
usually experienced in a cyclone, the small arrows indicating the 
direction of the wind. The direction in which the cyclone is 
moving 1s indicated by the large arrow. 
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It will be noticed that the isobars are oval and not quite 
concentric, the inner ones being rather in the rear. As the 
cyclone passes an observer the barometer falls till the centre of 
low pressure has passed, and then begins to rise; thus 
if, instead of supposing the observer to be at rest and the 
‘ cyclone to be in motion, we suppose the observer to be 
moving across the cyclone as shown in Fig. 157 and the cyclone 
to be at rest, then the barometer will fall until he arrives at the 
point X when it will begin to rise again; and it will be seen 
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that wherever the path of the observer is with regard to the 
centre, he will experience some point of lowest pressure such as | 
X. The line joining all such points passes through the centre 

of the cyclone and is approximately a straight line perpendicular 
to the path. This line is called the trough of the cyclone and is 
associated with a squall or heavy shower, commonly known as 
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the clearing shower, which is very marked in the Southern 
portions of the cyclones which occur inethe North temperate 
zone. 

As mentioned in § 197, the kind of weather experienced and 
the direction of the wind in a cyclone are approximately always 
the same, for these elements depend only on the forms of the 
isobars, while the intensity of the weather and the strength of 
the wind depend on the closeness of the isobars. The sequence 
of weather experienced by an observer as a cyclone passes may 
be seen by reference to Fig. 156. 

Wind is said to veer when its direction changes in the same 
way as the hands of a clock; and it is said to back when it 
changes its direction in the contrary way to the hands of a 
cleck. Therefore it will be seen that in the Northern hemi- 
sphere the wind would veer to an observer situated in the 
Southern part of a cyclone. If the observer were to the North- 
ward of the path, the wind would back. If the observer were 
in the path of the cyclone, the wind would remain steady at 
about South-East and then shift rapidly to North-West as the 
centre passes, without either veering or backing. 

In the centre of a cyclone there is usually a small area of: 
calms with a very heavy dangerous sea. 


200. The secondary cyclone.—fFig. 158 shows the kind 
of weather usually experienced in a secondary cyclone. A 
secondary cyclone is generally found on the edge of a cyclone 
but frequently on that of an anti-cyclone. The isobar of. 
30°1 inches is shown bent downwards, enclosing an area of 
relatively low pressure, and it will be seen that the gradient 
between the isobars of 30°1 and 30°0 inches is in consequence 
very much reduced and therefore the wind inside the bend is 
very light; conversely, the barometric gradient between the 
isobars of 30°2 and 30°1 inches is increased and therefore the 
wind round the edges of the bend is stronger and blows in 
violent angry gusts and not steadily as in a cyclone. 
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The motion of a‘ secondary cyclone is usually: parallel to 
the path’ of the primary, but when the secondary’ is formed:on 
the edge of an anti-cyclone its motion is very obscure. Secondary 
cyclones ‘are associated witha’ peculiar kind of thunderstorm, a 
special feature’ of which ‘is calm and sultry weather. 


201. The anti-cyclone—fig. 159 shows the kind of 
weather usually experienced in an anti-cyclone. The isobars 
are more or less circular and: concentric, while the barometric 
gradient is slight. An anti-cyclone is frequently stationary for 
days, but sometimes: moves on; it more frequently disappears 
and is replaced by isobars of another form. 
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The distinguishing feature of an anti-cyclone is radiation 
weather, the theory of which is that, when the air is still, the 
heat from the earth’s surface radiates into the surrounding 
atmosphere until the surface becomes sufficiently cold to 
condense the aqueous vapour in the air, or to form dew or 
fog. 7 


202. The wedge.—lig. 160 shows the form of isobars 
known asa wedge. The isobars of 29°8, 30°0 and 30°2 inches 
are shown bent upwards between two depressions. 

As the two depressions move onwards, the wedge moves on 
between them, so that there must be a line of stations where 
the barometer, after it has risen owing to the passing of the 
first depression, commences to fall owing to the advance of 
the second depression; this line is called the crest of the 
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wedge. In a wedge the gradient is never steep, so that the 
wind neyer rises above a pleasant breeze. 


\ Showers \. 
Cyclone | \ NC Cyclene 
H ‘ \ Ne 
/ i Cirro- \ \ 
| ‘ist ( 
Stratus 20/240" aS 
| 23°60 
28-60 
ons FRONT 
4srbi. / ty 


frne 


30-00 


203. Straight isobar.—Fig. 161 shows the kind of 
weather generally associated with straight isobars. The trend 
of the lines may he in any direction. 
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In the Figure the barometer is shown high in the South and 
low in the North. The wind is usually strong or gusty but 


T 9 


i 


Arts. 204-206. 280 


does not rise toa gale, and when the barometric gradient is 
steep rain sometimes falls in light showers with a hard sky. 


204. The V depression.—Fig. 162 shows the kind of 
weather usually experienced in a V_ depression. In the 
Northern hemisphere the point of the V is generally directed 
towards the South. The trough ($ 199) is nearly always 
curved with its convex side towards the East. The wind does 
not veer in the usual manner, but, as the trough passes over 
the observer, there is a sudden shift of the wind accompanied 
by a violent squall. 

V depressions are generally 
formed along the prolongation of 
the trough of a cyclone to the 
Southward, or in the col between 
two anti-cyclones. 

There are two kindsof V depres- 
sions, that shown in Fig. 162 being 
the more common in Northern 
Kurope. The other kind differs 
from this chiefly in the fact that 
the rain is in the rear instead of 
in the front of the storm. 

From Fig. 162 it will be seen 
that the trough of a V depression 

‘is associated with a line of squalls. 
As the trough moves broadside 
on with the V depression to which ; 
it belongs, there is a sudden shift 
of wind (from 8 to 10 points) with Fie. 162. 

a violent squall continually taking 

place along the trough, so that a long strip of country may be 
visited by this disturbance at the same instant; this squall, which 
is characteristic of a V depression, is often called a line squall. 


205. The col.—The col is merely an area situated 
between two or more anti-cyclones and of relatively lower 
pressure. No typical kinds of weather are experienced in a col. 

The importance of this form of isobars lies in the fact that, 
since it lies between two anti-cyclones which are probably 
stationary, it is a line of weakness along which disturbances 
may be propagated. 

The movement of a cyclone after arriving at a col is 
uncertain; sometimes it passes through the col, but more 
frequently the main body of the cyclone is deflected or dies 
away, while an irregular secondary pushes its way more or less 
across the col. All that can be said with certainty is that the 
presence of a col is an indication of unsettled weather. 


206. Revolving storms.—Although revolving storms 
of all kinds are called cyclones by the meteorologist, the very 
violent ones are known as hurricanes in the West Indies and 
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Pacific Ocean, as cyclones in the Indian Ocean, and as typhoons 
in the China Sea. Revolving storms are seldom experienced 
within five or six degrees of the equator and never in very 
high latitutes; they are most severe in the West Indies, the 
Southern Indian © Ocean (particularly in the vicinity of 
Mauritius), the Bay of Bengal, and in the China Sea. 

In the Northern hemisphere revolving storms occur between 
July and November, and in the Southern hemisphere from 
December to May. In the Bay of Bengal and in the Arabian 
Sea they are most common. about the time of the change of the 
monsoons. 

The following table shows the localities and seasons at 
which revolv1 ing storms occur :— 


Locality. eNamen =o Season. 

West Indies - : - | Hurricane | July to November. 

North Pacific - - - Hurricane | July to October. 

China Sea - | Typhoon July to November. 

Arabian Sea ral Be bie soe April and May. October and 

Bengal. November. 
South Indian Ocean - - | eaeclone December to April. 
South Pacific - . - | Hurricane | December to April. 


The following rhyme may be of use in remembering the 
seasons at which the West Indian Hurricanes may occur :— 
‘ June—too soon, 
July—stand by, 
August—look out, you must, 
September—remem ber, 
October—all over.”’ 

When interpreting this rhyme it must be borne in mind 
that many hurricanes occur in October, and the hurricane season 
cannot be said to be over till November. 

These storms, which originate in the tropics, at first travel 
about W.N.W. or W.S.W. at speeds varying between 50 and 
300 miles a day; they gradually curve to a more polar 
direction along the edge of the great ocean anti-cyclones 
(Figs. 148, 149) which generally he between the latitudes of 
20° and 40°. They may continue travelling in a North- 
Westerly or South-Westerly direction over the continents, 
but more frequently they curve: to the North-Eastward or 
South-Eastward, along the polar edge of the ocean anti- 
cyclone, and eventually may travel to the Eastward with the 
general movement of the atmosphere, or die out on meeting 
some high pressure area. 

The path of a storm is the track followed by its centre. 
Fig. 163 shows the normal paths of revolving storms from the 
tropics into the temperate zones. It will be noticed that in the 
Northern hemisphere the direction of the path changes in 
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about Latitude 30° and in the Southern hemisphere in about 
Latitude 25°. 

The point of the path at which the direction changes is 
ealled the cod of the storm. 

The trough of the storm is the line through the centre at 
right angles to the path. 

That part of the storm which is on the right hand of the 
path in the direction of advance is called the right-hand semi- 
circle; the corresponding part on the left hand is called the 
left-hand semicircle. 

The trough of the storm divides each semi-circle into two 
quadrants, called the front and rear quadrants. 

The right-hand semicircle is called the dangerous semicircle 
in the Northern hemisphere, and the left-hand. semicircle is 
called the dangerous semicircle in the Southern hemisphere ; 
these names arise from the fact that a vessel, if situated in the 
fore part of the semicircle, may possibly be drawn across the 
path of the storm. It will be seen that the dangerous semi- 
circle is always on the inside of the curve which is the path of 
the storm. 

The diameter of the area covered by a revolving storm at a 
particular instant has been found to vary from 20 miles to 
several hundreds. 

In the Atlantic and South Indian Oceans these storms 
originate to the Kastward in about latitude 10°; those of the 
Bay of Bengal originate near the Andaman Islands, and those 
of the Arabian Sea near the Laccadive Islands. The last two 
generally travel to the West and North-West, while those of the 
Bay of Bengal sometimes cross India. 

The typhoons of the China Sea generally move in a Westerly 
or North-Westerly direction at first; they then curve to North 
and then to North-East. In the earlier part of their season 
they often blow right home. to the coast of China, whereas late 
in the season they often curve off before reaching the coast, 
passing outside Japan and dying away in the Pacific. 

The rate of progression of revolving storms varies, but the 
average speeds in the various localities are :— 


West Indies - ~ - 300 miles per day. 
Arabian Sea - - PERU) te atte Saat | 

China Sea - - - eMeeeeN() he ey) “Taste t aa, 

Bay of Bengal - - - 200 

South Indian Ocean - - 50 to 200 miles per day. 


At the beginning and end of the hurricane season in the 
South Indian Ocean a large proportion of cyclones are either 
stationary or move very slowly. 

The approximate average tracks of the revolving storms in 
the various oceans are shown on the pilot charts. 


207. The indications of the approach of a 
revolving storm.—The approach of a revolving storm is 
indicated by :— 

(1) A falling barometer, or an interruption of the usual 

diurnal range (§ 192), 
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(2) An ugly threatening appearance of the weather and a 
rising gusty wind. 

(3) A long heavy swell or confused sea, which is not caused 
by the then prevailing wind, but generally comes 
from the direction in which the storm is approaching. 


208. Rules for determining the path of and 
avoiding a revolving storm.—When in the region and 
in the season of revolving storms be constantly on the lookout 
for the indications just mentioned, and carefully observe and 
record the barometer. If there is any indication of the approach 
of a storm it 1s necessary to know :— 


(1) The direction of the centre of the storm. 
(2) In which quadrant of the storm the vessel is situated. 


In order to ascertain these the observer must be stationary, 
so that it is necessary to stop or heave to. Ina sailing vessel 
it is safer to assume that one is in the dangerous semicircle, in 
which case the ship should be hove to on the starboard tack if 
in the Northern hemisphere, and on the port tack if in the 
Southern hemisphere ; by so doing, every change in the direc- 
tion of the wind will be from some direction further from 
ahead, as may be seen from Fig. 163, and so the danger of 
being taken aback will be guarded against. 


To find the bearing of the centre-—To find the bearing of 
the centre the observer should face the wind, and the centre 
of the storm will be from 12 to 8 points on his right hand in 
the Northern hemisphere, and on his left hand in the Southern 
hemisphere. At the beginning of a storm 12 points should be. 
allowed ; when the barometer has fallen three-tenths of an inch 
10 points should be allowed, and when it has fallen six-tenths 
or more 8 points. 


T'o find in which quadrant the ship ws situated.—-To find in 
which semicircle the ship is situated the observer should face 
the wind ; if it shifts to the right she is in the right-hand semi- 
circle, and if it shifts to the left she is in the left-hand semi- 
circle. To find in which quadrant the ship is situated he 
should note whether the barometer is rising or falling; if it is 
falling she 1s before the trough of the storm, and if it 1s rising — 
she is in the rear of the trough. 

The centre of a revolving storm is the region of greatest 
danger; near it the wind is strongest, the direction of the wind 
changes suddenly, and the sea is most turbulent. If the wind 
remains steady in direction but increases in strength with a 
falling barometer, the ship is in the direct path of the storm. 

These rules hold good for both hemispheres. 


To avoid a revolving storm.—lf it has been found that the 
ship is in the path of the storm she should run with the wind 
on the starboard quarter in the Northern hemisphere, and with 
the wind on the port quarter in the Southern hemisphere, until 
the barometer has ceased to fall. 
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If it has been found that the ship is in the dangerous semi- 
eircle she should remain hove-to until the barometer begins to 
rise. 

If it has been found that the ship is in the safe semicircle 
she should run with the wind on the starboard quarter in the 
Northern hemisphere, and with the wind on the port quarter 
in the Southern hemisphere, until the barometer begins to rise. 

Careful note should be taken of any land that may be in 
the vicinity, as it may be possible to run into harbour or under 
the lee of land for shelter. In the Sailing Directions for the 
coasts of China a list of ports, called typhoon harbours, is given ; 
in any of these a ship may safely ride at anchor during a 
typhoon. 

It has been stated by Professor Meldrum that in the South 
Indian Ocean it is often difficult to ascertain the bearing of the 
centre, owing to the difficulty of knowing whether the wind is 
a strong Trade wind or part of a storm. When the wind has 
shifted decidedly to East or South the centre may be approxi- 
mately determined. In such a case, if the wind shifts from 
South-East directly to South, the ship should run to the North- 
West; if the wind remains steady at South-East and the baro- 
meter falls, the ship is in the path of the storm and should 
run to the North-West. 

It has also been stated that in cyclones of the South Indian 
Ocean, North-Easterly and Easterly winds often, if not always, 
blow towards the centre. 


209. Weather in the British Islands and North 
Sea.—The British Islands and North Sea being situated 
between the parallels of 50° and 60°, Westerly winds prevail 
($ 189), and Westerly gales are more prevalent than any other ; 
they are most frequent in the winter months, between October 
and March, and often last three or four days; during May, 
June, and July they are rare. South-Westerly gales are most 
dangerous in the Eastern part of the channel, for when 
accompanied by rain they sometimes veer suddenly to North- 
West or North and cause a heavy sea. 

Winds from North to North-East are sometimes strong but 
seldom become gales in the central portion of the channel, 
except on the coast*of France; they do not usually last more 
than a day or two and the wind does not shift as it does with 
Westerly winds. 

In the channel, during winds from between North-North- 
East and East, the land is generally covered with a white fog 
which resembles smoke. 

Easterly winds are most common in the spring. South- 
Easterly winds accompanied by rain and a falling barometer 
almost always become gales. Moderate winds from North-West 
to North-East bring fine weather. 

During summer land and sea breezes frequently occur; at 
such times it usually falls calm at dark and a heavy dew is 
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formed. Little or no dew is a sign of an impending change in 
the weather. 

Prolonged calms are of rare occurrence, even in summer ; 
they are generally precursors of bad weather, of which there 
are no more certain indications than swell in the offing and surf 
on the coast during a calm. 

‘The usual signs of an approaching cyclone are the wind 
backing to some point between South and South-Kast, and 
high cirrus clouds approaching from some Westerly point 
followed by cirro-stratus (§ 194), in which latter mock suns and 
halos round the moon are seen. 3 

The tracks followed by cyclones which pass over the British 
Islands are erratic, owing to the fact that they are often 
deflected from their course by the land. Those which pass 
between the Hebrides and Iceland generally pursue a regular 
course to the North-East, and if the position of the area of high 
pressure, aS given in the daily weather reports signalled to all 
H.M. Ships, is studied, it is possible to forecast the path of a 
eyclone with a fair degree of accuracy. It is'exceptional for 
the centre of a cyclone to pass so far South as the English 
channel. Cyclones which pass over the British Islands almost 
invariably pursue an Easterly course. ‘The wind therefore in 
these cyclones, wherever their centres may be, provided that 
they are North of the observer, begins between South. and 
South-East and after a number of hours veers to some point 
between South and West. 

It has been found from a large number of observations that 
when the wind is between South and South-East the direction 
of the centre is about. 120° from the direction of the wind, so 
that 1f the observer faces the wind the centre will be about 
120° to his right (§ 208). 

When the wind has veered to some point between South- 
South-West and West the bearing of the centre is about 100° 
from the direction of the wind. 

The following table gives the mean angle between the 
direction of the wind and the bearing of the centre of the cyclone, 
for those cyclones which pass over or near the British Islands :— 


| Mean Angle. 
Direction of Wind. — as Se 
Centre, close. Centre, ata distance. 
| 
} 
N. ; é : 4) 15° | 11S: 
N.E. - 3 - a 127 | 128 
E. - : oH 122 | 132 
S.E. “ : - - | 125 | 126 
S. : : . ~i¢| 116 | 114 
o.Wreas: ; | 106 | 104 
W. . - - - | 103 | 101 
N.W. “ : - 2% 99 100 
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- The following table, which has been made out for different 
months, gives the mean rate of progression of the cyclones which 
pass over, or near, the British Islands :— 


~~ Month. Miles per hour. Month. Miles per hour. 
January - shi ae) duby - a> 402 
February = - - 18°0 August - - 14°0 
March - : Se take September seated &O 
April -  - =~ 21652 October - =: 2190 
May - ~ - 14°7 November - 18°6 
June - . - 15°8 December - Seay oa! 


210. Storm signals.—As explained in § 197, synoptic 
charts are prepared daily from observations taken at a large 
number of stations in the British Islands, Iceland, and on the 
continent as well as on board ships at sea. From a study of 
these charts the Meteorological Office issue daily weather 
notices which, besides being signalled to H.M. Ships, are 
also transmitted by various commercial wireless telegraphy 
stations. Whenever bad weather is approaching the British 
Islands, information is telegraphed to numerous storm signal 
stations directing them to hoist a certain signal, in order to 
warn passing vessels of the. weather that may be expected 
in their particular localities. 


Similarly, storm signal stations in other countries display 
storm signals from information received from their own 
National Meteorological Departments. In the majority of 
countries these signals refer to disturbances which are expected 
in the vicinity of the signal station displaying the signal, but 
in some cases, notably on the coasts of China, the signals 
indicate the position and track of a disturbance. 

The majority of European countries use the same code, 
called the international code, which is given below. Information 
relating to the code of signals used at any place will be found in 


_the Sailing Directions for that place. 


International code. 


The signal consists of the display of one or two cones, and 
the signification of each signal is as follows. 


Single cone, pont upwards.—Gale commencing with wind 
in the North-West quadrant. 

Single cone, point downwards.—Gale commencing with wind 
in the South-West quadrant. 

Two cones, one above the other, both points upwards.—Gale 
commencing with wind in the North-East quadrant. 

Two cones, one above the other, both points downwards,— 
Gale commencing with wind in the South-East quadrant. 

Two cones with their bases together.—Hurricane. (Wind 
force 12 Beaufort’s scale.) 
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The above code is about to be adopted (1914 to 1915) for 
use in the British Islands, but until any signal station is 
equipped with the necessary appliances, the code shown below, 
which has been in use in the British Islands for many years, 
will continue to be used. 


One cone, point upwards (North cone).—Strong wind or 
gales from North or East, backing through North. 


One cone, point downwards (South cone).—Strong winds or. 
gales from South or Kast, veering through South to South- 
West. | ” 


211. Forecasting by a solitary observer. — When 
attempting to forecast the weather in a ship at sea, the observer 
has at his disposal :— 

(1) The daily weather notice, from which he can probably 
find the position, at some previous time, of the centres 
of the principle areas of high and low pressures in | 
the vicinity. 

(2) His knowledge of the present state of the weather and 
the information recorded in the log during the 
preceding few days. 

(3) The movements of the barometer as recorded in the log, 
or by the trace drawn by a barograph. 

(4) Wireless reports as to the weather and movements of the 
barometer, which may be received from other ships. 


With this information available the principles set forth in 
this chapter should be followed as closely as possible, that 
is, the movement of any disturbance mentioned in the daily 
weather notice should be estimated from the knowledge of: its 
probable track and from (2), (8) and (4); this, however, is 
rendered difficult by the movement of the ship, for if a ship 
is steaming directly towards the centre of a depression the 
barometric gradient appears to be much steeper than is really 
the case, and if she is steaming away from and being overtaken 
by a depression the gradient appears slighter. All that we can 
safely deduce from the movements of the barometer is that, if 
the rate at which the barometer is falling increases, the gale 
will probably become worse ; and if the rate of fall decreases, the 
gale will probably moderate. In this connection we see the value 
of the instrument, called a barograph, which draws a trace of the 
readings of the barometer; Fig. 164 shows a specimen trace. 
It will be seen that when the barometer is rising or falling 
uniformly, the trace becomes a straight line; if, however, the 
rate of rise or fall changes, the trace becomes either convex 
or coneave to the direction of the base line according as the 
rate increases or decreases. Therefore the shape of the trace, 
whether straight, convex, or concave is independent of whether 
the barometer is rising or falling, but simply depends on the rate 
of change of the rate of rise or fall. Now, as explained in $188 
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the velocity of the wind is proportional to the slope of the 
barometric gradient, therefore, if the trace is concave we 
may infer that the wind is likely to decrease in strength, and 
if convex to increase in strength. It should be remembered 
that, although a rapid rate of fall, in a general way, indicates 
worse weather than a moderate one, the inferences drawn 
from a trace depend on the variation of the rate and not on the 
rate itself. 

If no barograph is available very fair results can be obtained 
by plotting the hourly readings of the barometer on squared 
paper, and drawing a curve through the points thus plotted, - 
but of course the minor fluctuations of the barometer do not 
appear. 

On board a ship a difficulty may arise as to what time the 
barograph should be set to, for obviously the instrument 
cannot be adjusted in the same manner as the ship’s clocks 
without breaking the continuity of the trace; for this reason 
it is customary to set the barograph to some standard time, and 
to note, by a mark, noon 8.M.T. of each day, as shown in 
the Figure. 


ce 
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CHAPTER XXI. 


OCHAN CURRENTS, WAVES, &c. 


212. Currents.— Having briefly explained the motion of the 
atmosphere and how to forecast the weather, we have now to 
give a corresponding explanation with regard to the ocean. 
The great disturbing influence in the case of the atmosphere is 
the sun ; as regards the ocean, the sun affects it indirectly by 
first causing the winds, which by friction produce surface 
movements of the ocean called currents, and, in addition, the 
sun and moon directly produce a special kind of movement 
known as the tides, which will be dealt with in Chapters XXII. 
and XXIII. 

As the wind blows over the ocean the surface of the water is 
dragged onwards and, if the wind continues to blow in the 
same direction for a considerable time, internal friction causes 
this onward movement to extend to a considerable depth; such 
a movement of the ocean, caused solely by the wind, is called a 
drift current. In Fig..165 the various currents of the earth 
are shown, and we find by comparing this figure with Figs. 
151 and 152 that the directions of the main drift currents 
correspond very closely with the directions of the permanent 
and periodic winds, the Trades, Westerlies, and Monsoons ; the 
currents which correspond to the Trades are called the N.E. 
and §.E. Trade drifts, those corresponding to the Westerlies are 
called the Easterly drift currents, and those corresponding to 
the Monsoons the N.E..and 8.W. Monsoon drifts. 

When a drift current comes in contact with a shoal, or coast, 
or with another current, it is deflected, and is’ then called a 
stream current; the details of the principal stream currents 
will now be given, and the reader should bear in mind that the 
direction of a mass of moving water is not only affected by land 
which it may approach but, as in the case of the atmosphere, 
by the Easterly or Westerly movement which it acquires in 
consequence of the earth’s rotation (§ 188). 

The sets and drifts of the various currents are shown on the 
current charts supplied to H.M. Ships and are described in the 
Sailing Directions. 


213. Atlantic Ocean stream currents. 


The Equatorial Currents.—The North-East and South-East 
Trade drifts, on approaching the equator, turn to a Westerly 
direction and flow across the Atlantic Ocean, nearly as far as 
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the coast of America. The South equatorial current divides at 
Cape San Roque; each portion follows the coast, one running. 
South forms the Brazil current, and the other running North 
combines with the North equatorial current and forms the Gulf 
Stream. 


The Gulf Stream.—The eae of the South equatorial 
current combined with the North equatorial current consists of 
relatively warm water, and flows North along the coast of South 
America, passing thr ough the West Indies and the Caribbean Sea ; 
it then flows round the Gulf of Mexico and finds an outlet thraugh 
the Straits of Florida, which, being narrow and shallow, causes 
the velocity of the stream to increase. On leaving the Straits 
the stream consists of relatively warm and salt water, and is 
50 miles wide, 350 fathoms deep, with a speed of about 5 
knots. From ie Straits of Florida it sweeps Northward 
growing broader and shallower, until at Bermuda it is about 
250 miles wide. At about midway across the Atlantic the 
stream divides; one portion flows towards the British Islands 
and the other strikes the coast of Europe about the Bay of 
_ Biscay, whence it flows along the coast of Portugal into the 

Mediterranean Sea and causes an Hasterly current on the North 
coast of Africa. A portion of the latter current occasionally 
curves Northward through the Bay of Biscay and causes a 
North-Westerly current across the entrance to the English 
Channel, called the Rennel current. 

The area in the North Atlantic Ocean, which is enclosed by 
the Gulf Stream and the North-Kast Trade drift, corresponds 
very closely to the normal high pressure area. Enormous 
quantities of weed, called Sargasso or Gulf weed, collect in 
this area which is about 1,000 miles in diameter and is known 
as the Sargasso Sea. 


The Brazil Current.-—The portion of the South equatorial 
eurrent, which turns South along the coast of Brazil, flows as far 
as the Rio de la Plata, where, on account of the earth’s rotation 
{in accordance with § 188) and assisted by the Easterly motion 
of the river water, it turns Hastward to mingle with the general 
Easterly drift of the Southern ocean. 


The Davis Strat, Labrador, or Arctic Current.—This current, 
produced by the prevailing Northerly winds, flows Southward 
from Davis Strait; it is a cold current and its volume is con- 
siderably augmented in summer by the melting of ice. The 
current hugs the coast of North America passing along the 
North side of the Gulf Stream, and sometimes flows as far South 
as Florida. The demarcation between this cold current and 
the warm Gulf Stream is called the cold wall, and this can 
be easily detected by the difference in the colours of the water ; 
the Davis Strait current being largely composed of fresh water 
from melted ice is green, while the Gulf Stream being very 
salt is a deep blue. In calm weather the cold wall may often 
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be detected by aripple; the difference in the temperatures of 
the surface water, which may sometimes be as much as 30°, ° 
also indicates the demarcation between the two streams. 

The meeting of these hot and cold streams is the cause 
of frequent fogs off the banks of Newfoundland. (§ 195.) 


The Guinea Current.—The Guinea current, caused by the 
general oceanic circulation in the North Atlantic, flows along 
the West coast of Africa as far as latitude 3° N. and has a 
maximum velocity of 3 knots. 


The Equatorial Counter Current.--As the amount of water 
in the ocean is invariable, and as there is a large volume of 
water continually moving from the equatorial regions to higher 
latitudes, it is supposed that a sub-surface current from the 
higher latitudes rises to the surface between the North and 
South equatorial currents, and flows Eastward, combining with 
the Guinea current off the coast of Africa. This current is 
called the equatorial counter current and runs between the 
months of July and December. 


214. Pacific Ocean stream currents.—In [ig. 165 
it will be seen that the currents of the Pacific Ocean differ very 
little from those of the Atlantic, the principal difference being 
the periodical change of direction of the drift current in the 
China Sea due to the change of direction of the Monsoons. 
The drift currents of the China Sea are called the N.E. and 
S.W. Monsoon drifts respectively, and correspond in strength to 
the winds which cause them. Fig. 165 shows the directions of 
the currents during the 8.W. Monsoon, the directions during 
the N.E. Monsoon being shown in the inset. 


The Equatorial Currents.—The South equatorial current, 
caused, like that of the Atlantic Ocean, by the S.E. 
Trade drift, flows to the Westward, and on reaching the 
numerous islands situated between 160° and 170° E. divides 
into two parts; one runs to the South-West towards Australia 
where it skirts the coast until it meets the general Easterly 
drift of the Southern ocean, and the other passes among 
the islands North of Australia. The North equatorial current 
flows Westward until it meets the Philippine Islands, where 
it curves to the North and North-East and becomes the Japan 
stream. 


The Japan Stream.—The Japan stream, often called the 
Kuro Siwo (Black Stream) on account of its black appearance, is 
a warm stream, and corresponds to the Gulf Stream in the 
Atlantic, but is less clearly defined on account of the numerous 
islands which it encounters. ‘The stream flows along the East 
coasts of the Philippine Islands, China, and Japan, after which it 
curves to the Eastward and follows the general Easterly drift 
of the North Pacific. When off Formosa the stream is about 
200 miles wide and has a maximum speed of about 4 knots. 
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The Oya Siwo.—This is a cold current of pale green water 
which flows from the Bering Sea to the Southward of the Kuril 
Islands, and then between the coast of Japan and the Kuro Siwo. 
Here again the meeting of the hot and cold streams is a cause of 
frequent fogs. 


The Mexican Current.—This is a cold current which corre- 
sponds to the Guinea current in the Atlantic and is caused in a 
similar way. 


The Peruvian Current.—This flows in a Northerly direction 
along the West coast of South America and is due to the general 
Westerly set being deflected by land. 


215. Indian Ocean stream currents.—The currents: 
in this ocean greatly depend on the Monsoons, and in the 
Northern part chiefly consist of N.E. and 8.W. Monsoon drifts. 


The Equatorial Current.—This current caused by the South- 
East Trade drift flows to the West and strikes the African 
coast about Cape Delgado, where it divides; the part which 
runs to the North follows the coast of Africa, and during the 
South-West Monsoon combines with the South-West Monsoon 
drift ; the part which flows to the South forms the Agulhas 
current. 


The Agulhas Current.—The Agulhas current is a warm 
current ; it passes through the Mozambique channel and runs 
Southward along the East coast of Africa until it is deflected by 
the Agulhas bank, when it curves to the Eastward and mingles 
with the general Easterly drift of the Southern ocean. It is 
a strong current and sometimes attains a speed of 4% knots. 


The Equatorial Counter Current.—This current, which is that 
portion of the equatorial current which is deflected to the East 
on meeting the North-East Monsoon drift, runs during the 
North-East Monsoon. 


216. Ocean waves.--Ocean waves are due to the wind 
blowing obliquely on the surface of the water. When first 
formed they are short and steep, but if the wind continues to 
blow in the same direction for a considerable time, their length, 
that is the distance between successive crests, increases, as also 
does their height, which is the vertical measurement between 
their crests and troughs; at the same time the period of the 
waves, which is the interval between the passages of two 
suecessive wave crests over the same spot, decreases, until a 
time arrives when a balance of forces is reached. When waves 
have once been formed the wind has its greatest effect on their 
crests which it tends to drive faster than the main body of the 
waves, and so causes the waves to break. In deep water, waves 
have no motion of translation, but on appreaching shallow water 
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their troughs are retarded, with the result that they break and 
rush forward with considerable violence ; such waves breaking 
in_shallow water are called breakers. 


The dimensions of waves vary in different localities, and 
with different velocities and directions of the wind. The longest 
wave recorded is one of 2,600 feet length and 23 seconds period. 
The longest waves are encountered in the South Pacific, where 
their lengths vary from 600 to 1,000 feet, and their periods from 
11 to 14 seconds. Waves of from 500 to 600 feet in length are 
occasionally met with in the Atlantic, but more commonly the 
lengths are from 160 to 320 feet and the periods from 6 to 
8 seconds. The relation between the length of a wave and the 
velocity and direction of the wind is not yet fully understood. 


217. To find the dimensions and period of a wave. 
—Let O, and O, (Fig. 166) be two observers on the weather side 
of a ship, their distance apart being | feet. Let AB be a wave 
rest at the in- , 
stant of passing s 
O,, and A,B, the 
same wave crest 
at the instant of 
passing O,, and 
let the interval 
occupied in pass- 
ing from O, to 0, 
be t. LetCD be 
the position of 
the same wave 
‘crest when the 
nextifollowing ‘---- Lsec®@ ------ Fic. 166. 
crest arrives at 
O,, and let the interval occupied in passing from OQ, to the 
position CD be t,. 

Let the length of the wave be L, and the observed angle 
between the fore-and-aft line of the ship and the direction in 
which the waves are advancing be 0, 


D B, B 


Since the crest passes over the distance L sec @ in time #, at 
the same rate as it passes over the distance l in time t, we have 


L sec @ _ | 

B t 

7, — lt cos 6 
t 


Again, let V and v be the speeds of the ship and wave 
respectively, and let 7’ be the period of the waves. 
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The height of a wave is generally found by noting the 
positions of the trough and crest on the side of the ship. 


218. The specific gravity and colour of sea 
water.—The specific gravity of sea water is found to vary 
between 1°021 and 1°028, according to its temperature, and 
to the percentage of salt contained in it. 


In the tropics the amount of salt contained in the surface 
water is above the average, on account of the excessive evapora- 
tion which takes place in low latitudes; conversely, in high » 
latitudes the amount of salt is below the average on account of 
the large amount of fresh water which mixes with it, and which 
is due to the melting of ice. On the average 77°8 per cent. of 
the solids contained in sea.water consists of common salt; the 
following is the average percentage of salt which is contained 
in sea water in different parts of the world :— 

Atlantic Ocean - - 
Caribbean Sea - - 
Mediterranean Sea - 
Red Sea - - - 


Indian Ocean = - 2 
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Near large rivers the fresh water running seaward lowers 
the specific gravity for a considerable distance, for example, 
the effect of the fresh water of the Rio de la Plata has been 
detected at a distance of 1,000 miles from the mouth of the river. 

The specific gravity of sea water is obtained by means of an 
instrument called a hydrometer, full directions for the use of 
which will be found in the Barometer Manual. 

It has been found that there is a distinct relation between 
the colour of sea water and the percentage of salt contained in 
it; the more salt that is held in solution the more intensely 
blue the colour, and the less salt the more green is its colour. 
-In landlocked seas such as the Mediterranean and Red Seas 
where there is little circulation of the water with that of the 
neighbouring oceans, and where the evaporation is great, the 
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colour of the water is very blue; this is also the colour of the 
surface water of currents which come from the tropical 
regions such as the Gulf Stream. The currents which come 
from polar regions, such as the Davis Strait current, are 
distinctly green in colour. 

Off the estuaries of large rivers the sea water is often dis- 
coloured for a great distance by the sediment brought down by 
the river. 


_ 219. Change of draught on passing from sea to 
river water.—The difference between the specific gravities 
of sea and river water is of considerable importance in naviga- 
tion, particularly when a ship has to proceed to a dock which 
Opens into a river, because the draught of the ship varies 
inversely as the specific gravity of the water in which she floats. 
The weight of a cubic foot of river water may be taken as 
63 lbs. and of sea water as 64 lbs. The increase of the mean 
draught of a ship when passing from sea to river water is found 
as follows :—- 


Let W be the weight of the ship in tons (displacement ton- 
nage), then the volume of water displaced when she floats in 


river water is 1G eee cubic feet, and when she floats in sea 
: D) 
water the volume displaced is ee cubic feet. Therefore, 
if A is the waterplane area in square feet, the increase of draught. 
is skal i | ei HN 2 inches, or a inches. 
A 63 64 3A 


Now let T be the number of tons required to sink the ship 
1 inch when floating in sea water (tons per inch immersion), 


thes T x 2240 = ao 
oe oma 


Therefore the increase of draught is eee or oF inches. 


Hxample.—Let us suppose that H.M.S.‘‘Agamemnon”’ (16,500 
tons displacement and 61 tons per inch immersion) is proceeding 
from sea to Chatham dockyard, then her increase of draught on 


arrival at Chatham will be aoe inches, or about 43 inches. 


220. Temperature of the sea.—The surface tem- 
perature of the sea varies considerably in different parts of the 
- world, and chiefly depends on the temperature of the prevailing 
currents. Owing to the low conductivity of water a warm 
current communicates very little of its heat to the water through 
which it passes. 

The temperature of the sea varies throughout the year 
but the diurnal variation is very small, the temperature being 
practically the same by night as by day. 
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In the tropics the average temperature of the sea is about 
80° F., the highest readings of about 90°F. being found in the Red 
Sea. The lowest temperature of the sea is found in the polar 
ee One. The temperature at which sea water freezes is about 

The normal temperatures of the various oceans are shown on 
charts supplied to H.M. Ships, where all points, at which the 
temperatures are the same, are joined by lines called isotherms. 


221. Ice.—The sea is completely. frozen during the winter 
months in high latitudes, except where its temperature is 
raised by warm currents. The Atlantic coast of North America 
is fringed by ice to a latitude considerably Scuth of that of the 
English’ Channel, whereas on the West coast of Europe the 
Gulf Stream pr events the water from being frozen. 

In the spring and summer the ice fields of the polar regions 
are to a great extent broken up by the winds and tides; the 
pieces of ice become pressed and frozen together, and the large 
masses thus formed, called ice floes, are carried by currents into 
lower latitudes. 

Icebergs, which are generally masses of frozen and com- 
pressed snow detached from glaciers, are also carried into lower 
latitudes and, with the icefloes, constitute a serious danger to navi- 
gation. In the Atlantic Ocean, icefloes and icebergs have been 
‘carried by the Davis Strait current as far South as latitude 39°N. 

The majority of the Antarctic icebergs consist of portions 

broken away from the ice barrier. These are of tabular form, 
and much larger than those of Greenland. In either the 
Arctic or Antarctic oceans an iceberg rising to 300 feet above 
-sea level is rare, although bergs of 1,000 feet in height and 
20 miles in diameter have occasionally been observed. 
F™ Tcebergs can seldom be submerged to less than ths of their 
whole volume, so that an iceberg 300 feet high probably draws 
about 350 fathoms of water, and we conclude that the reason 
for the absence of icebergs, in the North Pacific Ocean, is 
probably the comparative shallowness of the Bering Sea. 

The proximity of ice is indicated by the following signs, 
and, should any of them be observed, caution should be used :— 

~~ Both by day and night the ice blink is almost always visible 
on the sky towards the ice. Ice blink is a bright yellowish 
white light near the horizon, reflected from the snow-covered 
ice, and seen before the ice itself is visible. 

The absence of a swell or motion in a fresh breeze is a sign 
that there is land or ice on the weather side. 

The temperature of the air may fall as ice 1s approached if 
the ice be to windward, but not otherwise, and only at an incon- 
siderable distance from it. | 

The appearance of herds of seal or flocks of birds far from 
land is another sign of ice. 
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The ice cracking, or pieces of it falling into the sea, makes a 
noise like breakers or a distant discharge of guns, which may 
often be heard from a short distance. 

Recent experiments have shown that the temperature of the 
sea sometimes rises and sometimes falls in the vicinity of ice; 
it is therefore unsafe to assume that the proximity of ice will 
be indicated by a change in the temperature of the sea. 

Icebergs and. icefloes should not be passed at a close 
distance owing to the possibility of there being projecting 
ledges below water ; they should, if possible, be passed to wind- 
ward owing to the possibility of there being smaller masses of 

invisible drift ice to leeward of them. 
__ The average limits within which ice may be expected are 
shown on the Pilot Charts and Ice Charts, and are also given in 
the Sailing Directions. 

As the limits of the area, in which ice is liable to be met 
with, vary at different times of the year, the best tracks-to 
follow when crossing the North Atlantic, between January and 
August, and between August and January, are given in the 
Sailing Directions for Westward and for Eastward bound 
ships. 

_. Oceasionally the ice extends over a larger area than usual, 
and when this occurs the tracks are temporarily modified, 
notice of such alteration being given in the Notices to Mariners. 
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CHAPTER XXII. 


THEORETICAL TIDES. 


222. The tide generating forces.— The movements 
of the water of the ocean, called currents, which have been 
considered in the previous chapter, are horizontal ; in addition 
to them there is a rhythmical rising and falling of the water 
caused by the attraction of the sun and moon—called tides. 
Several theories have been advanced to account for the tides, 
no one of which entirely explains the actual movement of the 
water. The theory which most closely agrees with observation 
is that known as the equilibrium theory, a brief account of 
which will be given in this chapter. 

We have first to specify the causes by which the tides are 
generated. In order to simplify the explanation we shall first 
consider the tide generating force due to the moon alone, and 
for this purpose we shall commence by supposing that the 
earth and moon are the only bodies in existence, that the moon 
is over the earth’s equator, and that the earth has no rotation about 
its axis. On this supposition the earth and the moon revolve 
in circular orbits about their common centre of gravity G 
(Fig. 167), distant 3,000 miles from the earth’s centre, the 
centripetal force on either body being supplied by universal 
gravitation. | 

Since the earth 1s supposed to be deprived of rotation about 
its axis it always faces in the same direction in space; therefore 
its centre describes a circle of 3,000 miles radius about G, and 
any particular face of it 1s always in the same direction in space. 


Moon 
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In Fig. 168 let C, and M, be the centres of the earth and 
moon respectively at a particular instant, and let A, and B, be 
the extremities of any diameter of the earth; then, when the 
moon has moved from Al, to M,, C, will have moved to C, and 
A, B, to A, B,, and it ‘will be seen that every point on the 
diameter A, B, will have turned on a circle whose centre is 
on a parallel line through G and whose radius is 3,000 miles. 
It follows that, at any Hache the centripetal forces on all the 
particles situated on the line A, B, are equal, and their directions 
are parallel to the line joiming the centres of the earth and 
moon, as shown by the equal and parallel arrows in the figure. 
‘Therefore the centripetal forces at any instant on every particle 
of the earth are equal, and their directions are parallel to the line 
joining the centres of the earth and moon at that instant. 


=: 
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Now the centripetal forces on the various particles of the 
earth are supplied by the attraction of the moon, and the moon 
attracts every particle of the earth towards itself with a force 
which varies inversely as the square of the distance. In Fig. 
169 the arrows represent the magnitudes and directions of the 
attractions of the moon on the various particles ofthe earth. In 
Fig. 170 the arrows represent the centripetal forces on the same 
particles, and these forces as explained above are ali equal and 
parallel. Now the attractions have to provide the centripetal 
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forces, so that if we subtract the forces shown in Fig. 170 from 
the corresponding forces shown in Fig, 169, we shall have a 
system of residual forces as shown in Fig. 171; these forces are 
the tide generating forces due to the moon 
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Fig. 171. 


Let R be the earth’s radius and D the distance C1 M ig. 169) 
Be 
so that the attraction at C 1s pe where k is the constant of gravi- 


tation, then, if U is the geographical position of the moon and 
U! the point diametrically opposite, the tide’ generating forces 
at U and U' ate 
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forces at U and U’ are very nearly equal, and the tide generating 
force at any point whatever may be shown to be inversely pro- 
portional to the cube of the distance of the point from the centre 
of themoon. Itcanalso be shown that the tide generating forces 
at 04° 44’ from U.and U’ are tangential to the surface of the 
earth, 

We shall now consider how the tide generating forces tend 
to affect the ocean. 7 


223. The horizontal tide generating force.—In 
ig. 172 let T represent the tide generating force at any point 
D, and let V and H be its horizontal and vertical components 
respectively, then the forces acting on a particle at D are 
gravity + V to the centre of the earth, and H horizontally. 


Fie? 172, 


Therefore the effect of the tide generating force is to increase 
or decrease gravity by an insignificant amount, and to leave 
an unbalanced horizontal force 1 which is called the horizontal 
tide generating force. 


224. The lunar and anti-lunar tides.—In Fig. 173, 
the horizontal tide generating forces towards the points U and 
U' are shown byarrows. If we assume that the earth is entirely 
surrounded by water of an uniform depth, we see that the 
water as a whole is subjected to a horizontal pressure towards 
the points U and U’ and away from the meridian YPQ’. The 
result is that the surface of the water takes an ellipsoidal form 
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as shown in Fig. 174, the level of the water being slightly 
raised above the mean level over the areas AUB and A’U'B’, 
while over the remainder of the surface of the earth it is slightly 
depressed below that level. ‘The greatest elevation of the water 
above the mean level occurs at the points U and U’, while the 
greatest depression occurs along the meridian YPQ’ ; along the 
two small circles AB and A’B’ the level of the water is 
unaltered. 


Via. 174. 


If the annular ring of water surrounding the earth at the 
equator (Fig. 174) be supposed to be cut in two at Q’ and 
unfolded, so that the line which represents the mean level of 
the sea is a straight line, then the line which represents the 
level of the sea, when subjected to the tide generating forces, 
will assume the wave form shown in Fig. 175. 


U! U 


Mean Level 


Cc D Cc 
Bottom of Sea 
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The right-hand wave, which corresponds to the elevation of 
the water immediately under the moon, is called the lunar tide, 
and the left-hand wave the anti-lunar tide; the points U and U’ 
are the crests of the waves, aid the points C and D the troughs. 


225. The effect of the earth’s rotation.—In Fig. 176, 
which represents the earth’s surface on a Mercator’s chart, the 
crests of the lunar and anti-lunar waves are shown on the prime 
meridian and the meridian of 180° respectively, the troughs 
being situated on the meridians of 90° E. and 90° W. 
At any place on the meridians of U° and 180° it is said to 
be high water, and low water on the meridians of 90° E. and 
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Let us now take account of the rotation of the earth on its 
axis; this will introduce a force which will have no effect on the 
tide generating force. 


20°w. - eb 90°E 180° 90°W. 


Hie 176: 


As the earth rotates on its axis the points U and U’ move 
over the earth to the Westward and the horizontal tide generating 
forces move with them, causing high water at successive meri- 
dians. It will be seen from the Nautical Almanac that, on the 
average, the moon crosses the meridian of any place at an 
interval of 24" 50™, and therefore high water occurs on the 
meridians of 90° EK. and 90° W. about 6 hours 12 minutes after 
it occurred on the prime meridian and that of 180°. Thus, due 
to the moon alone, high water occurs at any place at the same 
time as the moon’s meridian passage at that place or at the 
time of the meridian passage of the moon below pole; sub- 
sequently the level of the water gradually falls and low water 
occurs approximately when the moon is setting or rising, 
after which the level gradually rises again until the next high 
water. ‘The tide at any place, therefore, alternates between 
high and low, at intervals of 6 hours 12 minutes approximately. 


226. The effect of declination.—So far, we have 
supposed the moon to be over the equator, and consequently its 
declination to be zero. Now let us consider the change in the 
tides at any place due to the declination not being zero. 

In Fig. 177, let U be the geographical position of the moon 
when it has North declination, and let UB be a parallel of 
latitude, U’'B’ being the corresponding parallel of South latitude. 
The crests of the lunar and anti-lunar waves are at U and U’, 
and as the points U, U’, B and B’ are on opposite meridians 
the moon causes high water to occur at them simultaneously ; 
but, as the moon’s horizontal tide generating force heaps up the 
water more at U and U’ than at any other point, the height of 

the tide is greater at U and U’ than at Band B’. When 
the earth has turned on its axis through 180° B becomes the 
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geographical position of the moon and B’ the opposite point, 
and it will be seen that the greatest heights of the tide now 


Kiesalvae | 

occur at B and B’. Weconclude that, as the moon’s declination. 
has a period of one month, the tides at any place due to the 
upper meridian passage are higher than those due to the 
lower meridian passage for a fortnight; during the next 
fortnight the converse occurs. The difference between the 
levels of high water of successive tides is called the diurnal 
inequality of heights. ert 

As the moon moves away from the equator, the tide 
generating forces experienced at any place deviate more and 
more from those experienced when. the body is over the equator ; 
for this reason a tide produced by the moon, say, the lunar tide, 1s 
regarded as the result of two tides; one, the ordinary lunar tide 
due to the moon being on the equator, and called the lunar 
semi-diurnal tide because its period is half a lunar day; the 
other, due. to the declination of the moon, is called the lunar 
diurnal tide because its period is a lunar day. 


227, The effect of parallax.—-It has hitherto been 
supposed that the moon revolves at a fixed distance from the 
earth, but as the moon’s actual path round the earth is an 
ellipse its distance is continually changing ; when the moon is 
nearest the earth it is said to be in perigee and when furthest 
away in apogee. Nowthe tide generating forces vary inversely 
as the cube of the distance, so that they must also vary as the 
cube of the horizontal parallax. The moon’s horizontal parallax 
has a period of one month, so that for a fortnight the height of 
the tide exceeds the average and fora fortnight it falls below 
the average. Taking 57’ as the moon’s average horizontal 
parallax and 61’ as the maximum, the variation from the mean 
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228. The solar and. anti-solar tides.—So far the 
moon has been supposed to exist alone, but the sun acts on ‘the 
ocean in a similar manner, although, on account of its great 
distance, with less effect. The mean ratio of the tide generating 
force of the moon to that of the sun is 7 to 3 3, 80 that we conclude 
that if the sun and earth alone existed there would be tides, similar 
to those produced by the moon, and of #ths their height ‘ the 
interval between high and low water would be 6 hours. — 

The change in the solar tide at any place due to the sun’s 
declination not being zero is similar to the corresponding change 
in the lunar tides, and the solar tide may be regarded as a 
combination of a solar. semi-diurnal tide and a solar diurnal 
tide. 

Again, if we consider the change 1 in the distance between the 
earth and sun due to the earth’s orbit being:an ellipse, the tide 
generating forces due to the sun must vary as the cube of the 
sun’s horizontal parallax ;as the sun’s parallax has a period 
of one year-the height of the solar tide exceeds the average for 
half a year, and for the next half year it falls below the average. 
Taking 8'’"8 as the sun’s average horizontal parallax and 
8°95 as the maximum, the variation from the mean value is 
Gra) wel = Be neat " 
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229. The composition of the lunar and solar tides.—- 

So far we have supposed that only one body, the moon or the 
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sun, is in existence with the earth. Let us now consider the 
combined effects of the sun and moon assuming their declinations 
to be zero. ‘The two separate effects, the lunar tide and the 
solar tide, do not appear separately on the ocean, but there is 
a single tide which is the resultant, so to speak, of the lunar and 
solar tides. 

Let us suppose that the moon is on the meridian of a par- 
ticular place at noon, that is at new moon or at change of 
the moon, M, in Fig. 178, then the crests of the lunar and anti- 
lunar tides are at C, and C, respectively, and the troughs at U, 
and C,. Similarly the crests of the solar and anti-solar tides are 
C, and C,, and the troughs at C, and C,. The result is that the 
tides, when combined, produce a higher high-water at C, and CO, 
and a lower low-water at C, and C,. The same result will be 
seen to occur when the moon is on the meridian at midnight, 
that is, at full moon, M, in Figg 178. Thus, at full or change 
of the moon, tides are caused which are about ?ths greater than 
the lunar or anti-lunar tides, and such tides are called Spring 
tides from the Saxon springan to bulge. 

When the moon is in quadrature M, or M, (Fig. 178) the crests 
of the lunar or anti-lunar tides are at C, and C,, while their troughs 
are at C, and C,; the crests of the solar and anti-solar tides are 
at C, and C,, and their troughs are at C, and C,. The result is 
that the crests of the lunar and anti-lunar tides combine with 
the troughs of the solar and anti-solar tides, and the troughs of 
the lunar and anti-lunar with the crests of the solar and anti- 
solar. In this case high water occurs at C, and O,, and low 
water at C, and C,, the high water being about #ths the size of 
the lunar or anti-lunar tide. Such tides are called Neap tides 
from the Saxon neafte, scarcity. 

It follows that twice in a lunar month, or a lunation, at the 
time of full or change of the moon, that is, when the moon 
crosses the meridian at 12. or 0", spring tides occur; that 
twice in a lunation, when the moon is in quadrature, that is, 
when the meridian passage of the moon is at 6% or 185, neap 
tides occur ; that the interval from spring tides to neap tides or 
from neaps to springs is about seven days. 

When the moon is over the equator and at any position 
between full and change and quadrature, its angular distance 
from the sun (the difference of R.A’s) being @, it can be shown 
that the height of the composite tide is 


/T? + 8? + 2LS cos 20 


where LZ and S are the heights of the lunar and solar tides. 
respectively above the mean level of the sea. Frcm this expres- 
sion if will be seen that the maximum height of the composite 
tide is L + Sand occurs when @ = 12" or 04, that is, at full 
and change of the moon (Spring tides); that the minimum 
height is L—S and occurs when @ = 6" or 185, that is, when 
the moon isin quadrature (Neap tides); at any intermediate 
position the height of the composite tide is, therefore, greater 
than the neap tide and less than the spring tide. 
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When we take into account the changes in the declination 
of the sun and moon, we see that the composite tide, actually 
experienced at any place, may be regarded as the combination 
of four tides, two semi-diurnal and two diurnal. 


230. Priming and lagging of the tide.—The crest 
of the composite tide obviously lies between the crests of the 
lunar and solar tides and nearer to the former; this fact 
makes it convenient to refer the time of high water at any 
place to the time that the lunar or anti-lunar tide would have 
been experienced, had the sun not been in existence, that is, to 
the time of the upper or lower meridian passage of the moon. 
The interval between the time of the moon’s meridian passage 
at a place and the time of the arrival of high water, caused by 
that passage, varies from day to day, and, as explained above, 
(§ 229) this interval vanishes at full and change of the moon 
and at quadrature. When the moon is in the first quarter, M, 
in Fig. 178, we see that as the earth rotates in the direction 
shown by the arrow, an observer will experience high water on 
arrival at C,, whereas the moon will cross his meridian some 
time later at M,; this interval is called the priming of the tide. 
The same thing occurs when the moon is in the third quarter. 

When the moon is in the second or fourth quarter, M, or M,, 
we see that it crosses the meridian of an observer before the 
occurrence of high water caused by that meridian passage, and 
in these cases there is said to be a lagging of the tide. Thus, 
when the moon is in the first or third quarter the tides prime, 
and in the second and fourth they lag. 

The symbols L, S and @ having the same significance as 
in § 229, it can be shown that the angle x between the crest of 
the composite tide and that of the lunar tide is given by 


rie fana! ( S sin 260 

ig L + S cos 39) 

Therefore the priming or lagging of the tide, on account of 
149x 


the moon’s motion, § 228, S44 , which when plotted for various 


values of @ gives a curve such as ABCD in Fig. 179, the 
maximum ordinates occurring when the time of the moon’s 
meridian passage is about 4 or 8 hours. 
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 As-the daily change in the priming and lagging is not great, 
the-interval between two successive arrivals of: the same tide 
crest‘at: any place, sometimes called a tide day, differs very 
little from the lunar day, the average length of which is 
24> 50™; consequently high water occurs at any place at - 
intervals of about 12" 25™, and the interval between high 
and low water is about 65 12™. 

- The theory of the tides which has been briefly sketched 
above is known as the Equilibrium theory, because it assumes | 
that the tide generating forces have sufficient time to bring the 
ocean to such a state that all its particles are in equilibrium. 
Observation. appears to. indicate that the actual tides of the 
world conform fairly closely to this theory, but theory only 
tells us the kinds of phenomena to expect; the amount to be 
expected, and the time of its arrival at any place, can only be 
ascertained from the analysis of a large number of observations 
taken at that place. 
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CHAPTER XXIII. 


OBSERVED TIDES AND USE OF TIDE TABLES. 
TIDAL STREAMS. 


231. Disagreement between theory and observa- 
tion.—When we reflect on the previous chapter, and remember 
that the time and place of the tide’s crest, on an ideal earth 
completely surrounded by water, depend on the positions 
of the sun and moon in right-ascension, on the declinations 
of the bodies and on their parallaxes, we can see that the 
theory is extremely complicated ; if we take into considera- 
tion the large and irregular continents, and the varying depths 
of the oceans, the theory becomes even more complicated, and 
we can hardly expect complete agreement between it and 
observation. Observation agrees fairly closely with the 
theory ; for example, we find that spring tides occur at about Full 
and Change of the moon, and neap tides at about when the moon 
is in quadrature ; moreover the magnitude of the tide at springs 
is somewhere about twice that at neaps. The occurrence of 
maximum and no diurnal inequality corresponds very closely 
with the moon having maximum declination and no declination 
respectively, and the magnitude of the tide is found to vary 
between the times of Perigee and Apogee. In spite of these 
points of approximate agreement with theory there are a 
number of points in absolute disagreement, and for this reason 
the prediction of the tides at any place has to be for the most 
part based on observation. We shall now explain the meanings 
of various terms which are made use of in observing the tides. 


232. Rise and range of a tide.—To measure any 
particular tide a datum must be selected from the level of which 
measurements can be made. In order that the Admiralty charts 
may show the least depth of water under ordinary conditions, 
the level selected is generally that of the mean low water of 
spring tides, so that, if at any place the height of the tide 
above this level can be calculated for any particular time, it 
has only to be added to the depth of water at that place, as 
shown on the chart, to give the depth at that time. 

The greatest height to which any particular tide rises above 
the level of the datum is called the rise of that tide, and its 
height at any other time (whether the tide.is rising or falling) is 
the height of the level of the water at that time above that of 
the datum. The rising and falling of the tide are often called 
the flood and ebb respectively, andthe condition of the tide at 
any time is sometimes expressed in the form, half flood, quarter 
ebb, &c., by which is meant that the time is half-way between 
the times of low and high water, or‘aquarter of the way 
from the time of high towards the time of low water respectively. 
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The mean level of the sea at any place is the average level 
of the sea obtained from a very long series of observations. 
The mean tide level is the mean between the levels of high and 
low water obtained from a very long series of observations, and 
differs very little from the mean level of the sea. 

The mean tide level of any tide is the mean between the 
levels of high and low water of that tide, and may differ very 
considerably from the mean level of the sea and from the mean 
tide level. : 

The range of a tide is the difference between the heights of 
high and low water of that tide. 

A particular tide wave may be represented by a curve such 
as that shown in Fig. 180, A being the crest and B the trough, 
and the figure shows graphically the meanings of the terms 
—rise and range of tide and mean tide level, for a particular 
tide. 
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The ratio of the rise of the tide at neaps (neap rise) to 
that at springs (spring rise) is by no means the same for every 
port, but generally neap rise is 3t) $ spring rise and neap 
range 2? spring range. In the tide tables the spring rise is 
given for nearly all ports, and neap rise is given for a large 
number. Fig. 181 shows graphically the meanings of the 
terms neap range, neap rise, spring range, and spring rise ; it 
will be seen that half the spring rise gives the approximate 
height of the mean level of the sea above the level of datum 
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From the formula in § 229 we see that the height of any 
tide depends on the relative positions of the sun and moon in 
right ascension ; in addition to this the height depends on the 
declinations of the two bodies and on their parallaxes, and con- 
sequently the heights of successive spring tides vary. Similarly 
the heights of successive neap tides vary. When the various 
causes combine, spring tides occur higher than the mean. 
When the various causes are in opposition, the spring tides will 
be lower than the mean. High spring, and low neap, high 
waters occur at about the equinoxes; low spring, and high 
neap, high waters at about the solstices. These tides (commonly 
called “ extraordinary spring tides’’) are called equinoctial and 
solsticial tides. 

The water is not seen to rise to its greatest height and 
then immediately fall, but it apparently remains at the high. 
level for an appreciable interval; this interval is called the 
stand of the tide. 

The time of high water is the mean between the time at 
which the water apparently ceases to rise and the time at which 
it apparently begins to fall; the time of low water is defined 
in a similar way. : 


233. The primary and derived tide waves.— 
Owing to the presence of the land which lies across the path of 
the theoretical tide crest, it is impossible for such a crest to 
be formed and to travel round the earth, but in the Southern 
ocean there is a complete belt of water along which it is possible. 
for the two tide waves to travel; the tide waves which travel 
round the Southern ocean are called primary waves. 

As a primary wave sweeps round the Southern ocean, 
passing in succession the Southern coasts of Australia, Africa, 
and South America, it gives off waves which travel freely up 
the various oceans in a more or less Northerly direction, and 
which are there unaffected by the sun and moon; these waves 
are called derived waves, and from them arise the tides along 
the various coasts which they pass. ‘The primary wave which 
gives birth to a particular derived wave is sometimes referred 
to as the mother tide of that derived wave. 

If we consider the derived wave which travels up the Atlantic 
Ocean, we find that it causes high water to occur at the various 
places which it passes on the West coasts of Africa and Europe ;) 
somewhere to the South-west of the British Islands the derived 
wave sends an offshoot up the English Channel causing high 
water at the various places on the South coast of England in 
succession, and a second offshoot up the Irish Channel. The 
derived wave on passing the North of Scotland sends a third’ 
offshoot down the North Sea, and this causes high water at the 
various places on the East coasts of Scotland and England in. 
succession. 

The offshoots which travel up the Irish Sea and the English 
Channel arrive simultaneously at Liverpool and Dover respec- 
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tively ; the offshoot at Liverpool combines with the main. derived 
wave, while that at Dover combines with the offshoot which 
has travelled down the North Sea from the previous derived 
wave, 

In the open ocean where the depth is great the height of 
the derived wave is small and probably less than 3 feet, but on 
reaching the submarine bank which extends from the British 
Islands in a South-Westerly direction its height begins to 
increase, till, on arriving at the coast, it is at some places as 
much as 25 feet. 

Although successive high and low waters on the coasts of 
the British Islands are caused by the progress of the waves as 
roughly sketched above, in some cases the tides appear to be 
caused by two waves; thus, between Portland and Selsea Bill, 
four tides are experienced in the 24 hours, two of these being 
probably due to the offshoot which travels Eastward up the 
English Channel, and the others to a reflected wave moving in 
the opposite direction. The combination of these two waves 
has different effects at different places; near the Eastern limit 
of this length of coast there is a stand of the tide of some 
duration ; in the Solent two distinct high waters occur at an 
interval of from one to two hours; at Weymouth there is a 
prolonged or double low water which is locally known as the 
gulder. 

The progress of the derived wave which travels up the 
Atlantic Ocean cannot be so regularly traced on the coasts of 
America as on those of Africa and Europe. 

The progress of the tide wave may be traced by means of a 
chart on which all places where the crest of the tide wave 
arrives at the same time are joined by lines, called co-tidal 
lines, and such charts are called co-tidal charts. A co-tidal 
chart for the British Islands and the North Sea will be found 
in a book (entitled “Tides and tidal streams of the British 
Islands”) which is supplied to H.M. Ships, and which should be 


studied in connection with this article. 


234. The age of the tide.—From the above we.see 
that, in general, a considerable time must elapse, after the birth 
of a derived wave, before high water is caused at any place by 
the arrival of that wave ; the interval between the times of high 
water at any place and of that meridian passage of the moon 
which corresponds to the mother tide is called the age of the 
tide at that place. The age of the tide is expressed in days to 
the nearest quarter of a day and may be as much as three days. 

The age of the tide is not known for every port of the world. 
On the West coasts of France, Portugal, and the British Islands 
the age of the tide is about 14 days, while in the vicinity of the 
mouth of the Thames it is 24 days. At places where little is 
known about the tides, the age may be estimated from the 
foregoing, and, in general, at places adjacent to the various 
oceans it may be assumed to be 13 days. 
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The age of the tide may be found from the mean of a large 
number of observations of the interval between the time of the 
moon’s meridian passage at full or change and the time of the 
next following highest tide. It should be observed that the age 
of the tide thus found is the interval between the crest of the 
mother tide crossing the meridian and the arrival of the derived 
wave, because, at full or change, the crest of the mother tide 
is immediately under the moon and there is no priming or 


lagging (§ 230). 


235. The amount of the priming and lagging.—The 
times represented by the ordinates of the curve for priming and 
lagging, shown in § 230, depend on the ratio of the height of 
the lunar tide to that of the solar tide. By taking this ratio as 
2°73, the greatest priming or lagging is 44™, which agrees with 
observation at London and Liverpool; at Plymouth and Ports- 
mouth observation gives 48™ and 40™ respectively. With 2°73 
as the value of the ratio.the priming and lagging for various 
times of the moon’s meridian passage are those given in 
the following table, which also appears in the Tide Tables under 
the heading “ Correction of Mean Establishment” ; the negative 
and positive values correspond to the priming and lagging of 
the tide respectively. 
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of the tide roughly refers the time of high water to the time 
of that meridian passage of the moon which corresponds to 
the mother tide, and this may be called the meridian passage 
of the mother moon. Since the age of the tide cannot be found 
exactly, it is necessary, in order to predict the time of high 
water on any day, to refer the time of high water to the 
immediately preceding meridian passage of the moon. The 
interval between the times of the moon’s meridian passage 
on any day and the next following high water is called the 
lunitidal interval on that day. 

In Fig. 182 let the curve ABCD represent the priming and 
lagging of the primary wave in the Southern ocean, the zero 
line being AD ; then the time represented by any ordinate of this 
curve, when subtracted from, or added to, the time of meridian 
passage of the mother moon, gives the time of the arrival of 
the crest of the mother tide on the meridian of any place. 

Let AH represent the age of the tide (in this case 1+ days) 
at a particular place; let HYGH be the curve ABCD trans- 
ferred parallel to itself through a distance AH ; then the ordinates 
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of the curve HFGH, measured from the zero line AD, represent 
the intervals between the times of the meridian passage of the 
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mother moon and high water at the place; we see that these 
intervals depend on the amount: of priming and lagging of the 
mother tide. 

The interval represented by AE (the age of the tide) consists 
of a number, or a fractional number, of days, during which 
the moon may have crossed the meridian of the place several 
times (in this case twice); it 1s therefore convenient to measure 
the ordinates of the curve HF'GH from a zero line XY which 
is such that the distance AX represents a certain number of 
lunar days. The times represented by the ordinates of the curve 
EFGH, measured from the line XY, are the lunitidal intervals, 
and their mean value during a semi-lunation, represented by 
XE or YH, is the mean lunitidal interval at the place or the mean 
establishment of the port. It will be seen that the lunitidal 
interval on any particular day differs from the mean lunitidal 
interval by the corresponding priming and lagging of the mother 
tide, and that the mean establishment of any place is approxi- 
mately the time of high water on the day of spring tides because 
there was no priming or lagging of the mother tide which 
caused them. 


237. To find the time of high water on any 
day from the mean establishment.-—In order to find 
the time of high water on any day. we have to apply the 
lunitidal interval for that particular high water to the time of 
the preceding moon’s meridian passage. If the mean establish- 
ment of the port is known we can find the lunitidal interval by 
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applying to this mean establishment the priming or lagging of 
the mother tide. ‘To find the latter necessitates the age of the 
tide being known or assumed. 

Hxample.—lt is required to find the time of high water 
on the afternoon of March 3rd, 1914, at a particular place on 
the meridian of Greenwich where the mean establishment is 
2 11™ and the age of the tide is 14 days. 

From the Nautical Almanac the time of the moon’s meridian 
passage is 45 44™ p.m. Since the moon lags behind the sun 
48™ in 245 at the birth of the tide, 14 days earlier, the moon 
crossed the meridian at which the derived wave was given off 
1+ X 48" or 1 hour earlier, that is at 35 44™ p.m. Now from 
the table (§ 235), or from the Tide Tables, we find that for a 
time of meridian passage 35 44™ the priming of the mother 
tide was 43™; therefore the lunitidal interval required is 
45™ less than the mean lunitidal interval or mean esta- 
blishment. The time of high water may now be found as 
follows :— 


Mean establishment - - - eam le 
Priming of mother tide - — Ag 
Lunitidal interval ce - ar Lees 
Time of moon’s meridian passage - - 4 44 P.M. 
Time of high water - oe ce, = igs Ged. PnP 


238. The vulgar establishment of a port, or 
the H.W.F. & C.—Owing to the difficulty of finding the 


mean establishment another interval is employed, called the 


vulgar establishment, which is the lunitidal interval on the days 
of full or change of the moon. The vulgar establishment is 
therefore approximately the time of high water on those days, 
and is shown on the charts in the abbreviated form H.W.F. & C. 
(high water full and change). 

Now the high water on the days of full and change of the 
moon is due to a mother tide which occurred some days 
préviously, while the moon was still in the second or fourth 
quarter, when the tides were lagging ; therefore this particular 
lunitidal interval (H.W.F. & C.) is greater than the mean 
lunitidal interval, in other words, the vulgar establishment of 
a port, which is the lunitidal interval for a particular tide, is 
greater than the mean establishment by the lagging of the 
mother tide at the birth of that tide. 


239. To find the time of high water on any 
day from the H.W.F. & C.—When finding the time of 


high water, having given the H.W.I". & C., we may proceed as 


in the previous example, the mean establishment having first 
been obtained. 

Kxample.—lt is required to fad the time of high water 
on the afternoon of March ord, 1914, at a particular place on 
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the meridian of Greenwich where the H.W.F. & C. is 22 27™ 
and the age of the tide is 14 days. 

The H.W.F. & C., being the lunitidal interval on the day of 
full and change, is greater. than the mean establishment by the 
lagging of the mother tide which took place when the moon’s 
meridian passage was 14 x 48™or 1 hour earlier, that is at 11>. 
From the table in § 235 or from the Tide Tables the lagging 
for a time of moon’s meridian passage 11" is found to be 16”, so 
that the mean establishment is 24 27™ — 16™ or 25 11™; the 
time of high water will now be found to be 65 12™ p.m. as in 


§ 237, 


Hours of Moons 
passage. 
Hours of Mother 
Moon's passage. 


Vulgar Establishment. 


Mabn Tide /4days old. 


Establishment 


Fie. 183. 


In order to simplify the work, the two corrections, namely 
the lagging of the mother tide on the day of Full and Change, 
and the priming or lagging of the mother tide at the birth of 
the tide in question, may be combined as follows. 

In Fig. 183 the curve HFGH and the lines HH and XY being 
the same as those shown in Fig. 182 (§ 236), we have the mean 
establishment of the port represented by XL, and the lunitidal 
interval for any tide by the ordinate of the curve measured 
from the base line XY, at the point corresponding to the time 
of the meridian passage of the mother moon. 

Let us suppose that the age of the tide is 14 days, then the 
H.W.F. & C. is represented by the ordinate YK, because the 
meridian passage of the mother moon, 14 days before the days 
of Full or Change, occurred at 11 hours. Through K draw a 
line KL parallel to HH or XY, then, in order to find the 
lunitidal interval on any day, we have to subtract from the 
H.W.F. & C., or add to it, the time represented by the ordinate 
of the curve measured from the line LK at that point which 
corresponds to the time of the meridian passage of the mother 
moon. 

Now, as the meridian passage of the mother moon for any 
particular tide occurred one hour earlier (48™ x 14) than the 
meridian passage of the moon on the day in question, it is 
convenient to graduate the line LK so that the divisions repre- 
sent the hours of the preceding moon’s meridian passage, and 
this-is done by moving each graduation one place to the left, 
that at K becoming 04, and so on. 


al9 Art. 240 


In the example just given, where the age of the tide was 
1; days, the lagging of the mother tide, corresponding to the 
day of Full and Change, was 16™ represented by MN; the 
priming’ of the mother tide on the day when the moon 
crossed the meridian at 45 44™ p.m. (the meridian passage 
of the mother moon being 35 44™ p.m.) was 43™ represented 
by MF’. The total correction to the H.W.F. & C. is — 59™ 
represented by the ordinate NF’. The lunitidal interval is 
therefore represented by ZF = H.W.F. & C. — FN = 25 27" — 
ol 28, 

In a similar manner a line such as LK may be drawn for 
any other age of the tide. 

In the Tide Tables there are two tables which give the times 
represented by the ordinates of the curve, (1) for a tide 14 
days old, and (2) for a tide 24 days old. 


The age of the tide is not known for every place, and where 
it is unknown and cannot be estimated (§ 234), it 1s customary 
to assume that it is between 14 and 24 days, and to take the 
mean of the corrections given in tables (1) and (2) of the Tide 
Tables. 


The H.W.F. & C. is given in the Tide Tables for nearly 
all ports and anchorages. As it is the approximate time of 
high water on the days of Full and Change it is given as G.M.T. 
as well as M.T.P. This is a convenience when the ship’s clocks 
are set to G.M.T. or any siandard time (§ 89). 


240. Examples of finding the time of high 
water.—The G.M.T. of the moon’s upper meridian passage at 
Greenwich is given for every day of each month in a table at 
the beginning of the Tide Tables, immediately before the tide 
predictions, signifying morning and afternoon. The age of the 
moon, in days, is also given. 

Hxample (1).—Find the approximate time of high water on 
the morning of March 19th, 1914, at Port Natal. 


The following information is given in the Tide Tables:— — 


Port Natal. Longitude 31°04’ E. H.W.F. & C. (M.T.P.) 
4h 30™. Moon’s meridian passage 6" 31™., 


Moon’s mer. pass. - GAS EM AC Mas EW oh ader @. - - 4> 30™ 
Cor. for Long. - —§ Mean from tables (1) and 
—— (2) - - - — 51 
M.T.P. of moon’s mer. wee 
pass. - - 6 26 Lunitidal interval . 3 39 


Lunitidal interval - 3 39 


M.T.P. of high water 10 05 a.m. 


Example (2).—Find the approximate time of high water on 
the afternoon of March 3rd, 1914, at Richmond Island (U:S.). 
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The following information is given in the Tide Tables :-— 
Richmond Island. Longitude 70°14’ W. H.W.F.&C. (M.T.P.) 
11" 03". Moon’s meridian passage 4° 44™ p.m, 


Moon’s mer. pass. 44 44™p.m.Mar:3rd. H.W. F. & C. : eee es 
Cor. for Long. - +10 Mean from tables (1) and 
—— (2) - . - —1 05 


M.T.P. of moon’s eh eed ee 
_ mer. pass. - 4 54P.M. Lunitidal interval = cere 
Lunitidal interval 9 58 


M.T.P. of high 


_water-- . - 2 52a.m. Mar. 4th. 
Duration of one 
tide 12425 


M.T.P. of high . 
water - - 2 27 p.m. Mar. 3rd. 


If it is required to find the time of low water, 6" 12™ 
should be added to, or subtracted from, the time of high water. 

As will be explained in §$§ 241, 242, this method of finding 
the time of high water gives results which are approximate 
only, and therefore should only be employed when neither’ of 
the methods which are explained hereafter are available. 


241. Diurnal inequality.—In the preceding article 
examples of finding the time of high water were given but no 
account was taken of the effect of declination or, in other words, 
of diurnal inequality (§ 226). In many parts of the world the 
diurnal inequality is so great that we cannot find the time of 
high water from the H.W.F, & C. There is diurnal inequality 
of the times as well as of the heights of the tides, but no prac- 
tical rule can be given for calculating the amount of. either ; 
therefore, at a place where diurnal inequality is pronounced, 
it is only possible to predict the tides from an analysis of a large 
number of observations at that place. The general conclusion 
as regards diurnal inequality appears to be that the day tides 
are highest in summer and the night tides highest in winter ; 
diurnal inequality is revealed in the times of high water and 
in the heights of low water. At some places the diurnal 
inequality of heights occasionally becomes so great that the 
difference in heights of high and low water of one of the tides 
is inappreciable, and in such a case the tide rises for 12 hours 
and falls for 12 hours; such tides are called single day tides. 

The tides of British Columbia, and of the majority of the 
ports of India, and China, are affected in a marked degree by 
diurnal inequality. | 

242. Tide prediction. Standard ports.—Owing to 
the fact that changes in the time of high water, due to the 
changes in the declination and parallax of the sun and moon, 
are not allowed for in the method of finding the time of high 
water by the H.W.I. & C., it is impossible to accurately predict 
the time of high water by this method. The spring and neap 
rise, although known for very many ports, give little guidance 
for finding the height of the tide at intermediate times 
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because of the changes in the declination and_ parallax. 
For the above reasons the tides for a large number of 
ports of the United Kingdom and other countries — called 
Standards ports in the Tide T’'ables—are predicted by one of 
two methods. The tides for the Standard ports of the United 
Kingdom and Brest are predicted. by the aid of a number of 
constants which are given-in the preface to the Tide Tables, 
while those of other Standard ports are predicted by aid of a 
method known as the harmonic analysis of the tides. For 
certain of the more important Standard ports the times and 
heights of low water are given in addition to those of high water. 
At ports where only the times and heights of high water are 
given the average duration of the rise and fall of tide is given. 
The height given for any particular tide is the rise of that tide 
above the level of a particular datum, which, except in a few 
places enumerated in the preface to the Tide Tables, is that of 
mean low water springs. 

In addition to the Tide Tables published by the Admiralty 
some of the colonial governmeuts publish tables for their own 
ports; these tables are supplied to ships which are likely to 
visit those ports. 

243. To find the height of the tide at any time, 
é&e.—Let D, Fig. 184, be the level of the datum and S the level 
of the water at an interval ¢t hours after high water. Let A and B 
be the levels of high and low water respectively, so that AB is 
the range of the tide and its middle point C the mean tide level 
of the tide. 

Let T be the time occupied by the water in falling from A to 
B, that is the interval between the times of high and low water. 

The height of the tide, ¢ hours after high water, is DS, which 
is equal to DC + CS. 


Ap=—— — — —Level of High Water DC is the height of the mean 
tide level and is the mean of the 
heights of high and low water. 

‘ & OS is the height of the tide 

| above or below mean tide level. 
| Now the tide may be assumed to 
Mdelevel. vise and fall with simple harmonic 


Cc 
motion, so that S moves from A to 
Bin such a way that 1¢ is: the 
projection on AB of a point P 
which travels uniformly in the 
semicircle described on the range 
pl evel ofLowWater AB as diameter. Therefore the 


position of the point P, ¢ hours 
after high water, is given by 


Sa 
Leve/ of Datum 180° = T 
Fig. 184. and hence CS can be found. 


At those places where the 
height of low water is not given in the Tide Tables, the mean 
tide level of any tide must be assumed to be the same as that 
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of an ordinary spring tide, and therefore the half range of any 
tide must be assumed to be the difference between the rise of 
that tide and half the spring rise. 

Conversely, if it is required to find the time after high water 
at which the tide will be at a given height, the position of the 
point P is found by first plotting the given level of S ; the angle 
ACP may then be measured, and the time obtained from the 
relation given above. 

The method just described should not be used for places 
where the tides are known to be irregular, such as in the Solent 
and where single day tides occur. 


244. Examples of finding the height of the tide 
at any time, &c. :— 

Hxample (1).—On March 9th, 1914, at 115 30™ a.m., Dublin 
time, it is required to find the height of the tide at Kingstown. 

The following information is given in the Tide Tables :— 


M.T.P.+ Height. 
ft. ins. 
Preceding high water 9° 06™ A.M. 10 03 
Succeeding low water - 253 P.M. 2 04 
ft. ins. ft. ins. 
Height of tide at Height of tide at 
H.W. - 2710.03 2D Ay eH a - - 10 083= DA 
Height of tide at Height of tide at 
IoeW3 - - 204—=> DB L.W. - ~ PonentUSe = 
12 07 Range : - a Sa 
Height of mean tide Half range - 3 ASD BE 
level - ar 6 \Uceonl G ap 


Draw a line DF’, Fig. 185, to represent the level of the 
datum, and at any point D erect a perpendicular DC to 
represent the height of mean 
tide level on any convenient 
scale. With centre C and 
radius 4 ft. (on the same scale), 


describe a semi-circle, cutting 
DC produced in A and B. 


A 


op) 


MiP Tori we - 2553" PM, 
C M.T.P. of H.W. -- 9 06 “Kone 
Time tide takes to fall 
(T) ‘ = aden 
MAE POOL. W. - .9506™ a.m. 
Longitude - - —l 


Dublin time of H.W. 9 05 a.m. 
Time at which height 
is required - - 11 30 am. 


Srele ais whet IE oi ciety It 


F Interval after H.W. (t) 2 25 


ia. 185. 


ft In the 1915 Tide Tables, the predicted times are usually given for 
Standard time ; vide the note at the foot of each page of the predictions. 
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The angle ACP is, therefore, 180° x ae Eee Ag) 


Lay off the angle ACP = 74°, and draw PS perpendicular to 


AR than S ic the laval af the Pee at. the time renuired 


bf 


1 
ao) 


Nie 


A 
IB 


IC 


ae 


aay 


= 
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will be 40 feet, at a position where the depth given on the chart 
is 44 fathoms. 


The following information is given in the Tide Tables :— 
M.T.P. Height. 


High water - 1115744. m: : 16 ft. 8 ins. 
Tide rises in 5 40™ approximately. 
Mean tide level 10 ft. 5 ins. 
The level of the datum is that of mean L.W. springs. 


Bee SSS Level of H.W. Mar. 19% 


Lees tas! 
2oe 


S ry ——,—— Level required 
x 
Cc —|— +4 — 1 — Mean Tide Leve/ 
me { 1 
‘© Cas 
nes a ( 
es 
{ ~ { es 
B in a Level of L.W. Mar./9= 
{ 
i] 
f 


pa emt meen enn nae n-ne JO" 0" 


E Bottom of Sea 
Fie. 187. 
7 ft. ins. 
Height of tide at H.W. - - - 146 8=DA 
Height of mean tide level - - - 10° 5 De 
4 range of tide Sopa - - 6° 3 =1Gs 
Depth charted : - - - 27. 0rSsaiee 
Height of mean tide level - . -* 10°45 Sane 


Depth of water when at mean tide level - 37 5 = HC 
Depth required — - - - 40° 0S 


Height above mean tide level - ae hae, See 
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Draw the horizontal line PS so that CS represents 2 ft. 7 ins., 
then the angle ACP will be found.to be 65°. 
Therefore the depth of the water will be 40 ft. at 


65 * : 
man X OF 40™, or 25 3™ before high water. 


180 
M.T.P. of H.W. - - es eA Kony: 
Long. of Hull - _- - - Lee (YY) 
‘G.M.T. of H.W. : 2 - 1116 a.m 
Time before H.W. - - - 2 03 
oem. required - {=~ - rams MA aM: 


Example (4).—During daylight on March 13th, 1914, between 
what G.M.T.s will the depth of water be greater than 28 feet 
over a 3 fathom bank at Harwich ? 


The following information is given in the Tide Tables :-— 


M.T.P. Height. 
ft. ins. 
Low water - 6' 187 a.m. 0 3 
High water - 035 P.M. 13 4 
Low water - - 617 P.M. Eas 0: 
Rising tide. Falling tide. 
ft. ins. ft. ins. 
Height of H.W. 13 4 Height of H.W. 13 4 
Heightof L.W. - 90 38 Height of L.W. Leer 
13: 7 14 4 
Height of mean tide Height of mean tide 
level . eed wet) level - By SANS 
ft. ins. ft. ins 
Heightof H.W. - 13 4 Height of H.W. 13 4 
Height of L.W. - 0 3 Height of L.W. he} 
Range . 5 7 Range - ioe 
Half range - Sah May) 5— A be Half range - Pei ie pened 0 t- 
ft. ins. ft. ins 4 
Least depth required 28 0 Least depth required 28 0 
Depth charted SEAL SoCU Depth charted a. 180s 
Least height of tide Least height of tide 
required - i LOreg required - ee tt) 
Mean tide level = OD Mean tide level “- 7 2 
Least height  re- Least height  re- 
quired above mean quired above mean 
tide level - eee o. tide level - 210-—-a09' 


Art. 244. 


63° respectively. 


Ss 


2 
stats 


ae 
| 


28 O- 


Rising tide. 


ALT PP, OrcHew,, 
M.T.P, of L.W. - 


Time tide takes to rise 


Interval from H.W. 


60 
180 * Oho 


MTP FOL Hae - 
Longitude - - 


G.M.T. of H.W. 
Time before H.W. 


G.M.T. required 


Mean Tide Level. 
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It will be found that the angles SCP and S’O’P’ are 60° and 


aa 


east Depth required _S'| 


ee ee 


Bok&tom 


Kia. 


0* 35™ P.M, 
618 a.m, 


6 17 (T) 


2b b(t) 
04 35™P.M. 

5 (H) 
0 30 P.M. 
2 06 


10 24 A.M. 


Wes 
| 9 _Mean Tide Level 
a 
eo 
xu ' 
fe 
i} 
1 
_+_ i _ _ Level of Datum _ 


Bottom 


188. 


Falling tide. 

M.T.P. of L.W. 2) Leas. 
M.T.P. of H.W. - 0 385 P.M. 
Time tide takes to fall 5 42 (7") 
Interval from H.W. 

63 

180 * 5°7 =. 42'6 ee 
MOL. P., of Hew. - O535™ P.M. 
Longitude 5 (E.) 
G.M.T. of H.W. 0 30 P.M. 
Time after H.W. - §2°00¢ 
G.M.T. required © 2c 0 SMe 


Therefore the depth of water over the bank will be greater 
than 28 ft. between 105 24™ a.m. and 25 30™ p.m. G.M.T. 
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To avoid the necessity of drawing a diagram for every 
problem, diagrams are given in the Tide Tables in which the 
radius of the circle is represented as varying from 1 to 11 feet, 
and the line CP is laid off for every half hour from the time 
of high water. Diagrams are given for tides which take 5, 51, 
6, 64, and 7 hours to rise or fall. For a tide which does not 
rise or fall in an exact number of half hours, the height above 
mean tide level may be found by interpolating between the 
results obtained from two diagrams, 


245. Comparison between -the tides at two places. 
Tidal constants.—On the days of Full and Change of the 
moon the difference between the Iccal times of high water at 
two places is the difference between their Vulgar Establish- 
ments, but this is not true on any other day of the lunation 
unless the age of the tide is the same at both places. For this 
reason the Mean Establishment, being unaffected by the age of 
the tide, should be used when comparing the times of high and 
‘low water at two places, or when tracing the progress of a tide 
wave along a coast. 

The times and heights of high water, at a certain number of 
ports, can be found by applying corrections to the times and 
heights of high water at those standard ports which have the 
same age of the tide; these corrections are called tidal constants, 
and are given in the Tide Tables for a large number of ports 
and anchorages in the United Kingdom and its dominions, as 
well as for certain foreign ports. To illustrate the use of tidal 
constants let us consider the following. 

Hxample-—On March 17th, 1914, at what G.M.T. (about 
midday) will there be 35 feet of water over a 5-fathom bank at 
Port Patrick ? 

The following information is given in the Tide Tables :— 

Port Patrick - Standard port, Greenock. 

Time constant — 05 58™, 

Height constants, Springs, + 5 ft. 

Neaps, + 3 ft. 9 ins. 
Springs rise 15 feet. 
Longitude in time, 20™ (W.) 
MOLR: Height. 

Greenock - H.W, 3° 34" p.m. Y ft, 5 ins. 


Tide rises in 64 30™ approximately. 

March 17th is three days after spring tides. 

Meon-tide, level at Port Patrick is 7 ft. 6 ins. = DC, 
Fig. 189. The height constants are 5 ft. and 3 ft. 9 ins. at springs 
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and neaps respectively ; therefore, since the date is three days 
after springs, the constant for March 17th is + 4 ft. 6 ins. 


ft. ins. 
Height of H.W. 
A Greenock - > TSS 
melee Height constant -+4 6 
< Height of H.W. at 
Port Patrick - Pee eae! ol 
Mean tide level at 
Cc ah ees Mean TideLevel Pov, Patrick - " pets 
! 26 
Ss Rae elver Levels aie range of tide at Port 
< . Patrick - SPOR tae rae | 
tienen 
ft. ins. 
De eh Dati Depth vequired- . a abane 
! Depth charted - - 30 0 
Height of tiderequired 5 0 
Mean tide level wus fed Sg 
| erred 
Depth below mean tide 
! level © - - 2", Greats 
: The angle ACP is P 
: found to be 118°, 
-) _ therefore the time 
es before high water is 
us 1138 , Jpee 
| 1g9 X 6°5 hours - = 4°05 
M.T. Poot >) a 
Greenock - - $34" Pm. 
Time constant - -— 0 58 
/ ee 
! M.T.P. of H.W. Port | 
! Patrick - - 2-36 P.M. 
Long. of Port Patrick 20 (W.) 
G.M.T. of H.W. Port 
toate Patrick ie 
WwW. - 405 
Fig. 189. Time before H.W 0 
“S G.M.T. required - 10 51 aM. 


246. Effect of meteorological conditions.—The 
mean tide level of any tide is affected by the wind and by 
changes of atmospheric pressure. ‘The wind produces a con- 
siderable effect on the tides and, generally, an onshore wind 
raises the level of the water while an offshore wind lowers it; 
for example, at Liverpool, South-Westerly winds raise the level 
while Easterly winds lower it. In ports with narrow entrances 
the wind may alter the times of low and high water, for 
example, at Portsmouth, a Northerly wind may delay the flood 
as much as three-quarters of an hour. 

As regards the effect of change in atmospheric pressure, the 
mean level of the sea rises or: falls as the barometer falls or 
rises, the change in the level being 1 inch for about jth of an 
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inch of mercury. ‘The effect of change in atmospheric pressure, 
as well as the possible effect of wind, should be taken into con- 
sideration when great accuracy is required ; the mean level of 
the sea at any place should be assumed to be correct when the 
barometer is at its average height for that place. 


247. The cause of tidal streams.—The direct effect 
of the sun and moon is to produce the vertical movements of 
the water which have been discussed above under the name 
of tides. So long as we consider the tides in the ocean, where 
the depth is great, there is practically no horizontal movement 
of the water, the height of the wave being only two or three feet 
while its length is some hundreds of miles; when, however, a 
tide wave meets a submarine plateau, its height increases 
considerably, its length diminishes, and its speed decreases ; the 
consequence of this is that the gradient from crest to trough 
becomes sufficiently great to allow the water to flow from the 
higher to the lower level, and such a flow of water is called a 
tidal stream. 


In Fig. 190 let ABCDE be a tide wave moving in the 
direction shown by the arrow, A and # being crests, and C a 
trough. As the crests and trough pass an observer there is no 
gradient, while at the points B and D there is a tendency of the 
water to move in the directions shown by the small arrows. 
When the crest: of a tide wave approaches an inlet it is 
preceded by a stream running in the same direction, and when 
the crest recedes from the inlet it is also preceded by a stream ; 
such tidal streams, when their directions change within an hour 
of high or low water, are called the flood tidal stream and the 


ebb tidal stream respectively, and are indicated on the chart as 
shown in § 160. 


Fig. 190. 


When a tidal stream first begins, there is a flow of the 
surface water only, but as the tide wave arrives in shallower 
water the horizontal movement extends to a considerable depth, 


and finally, if the depth is sufficiently small the whole mass is in 
motion. 


248. Tidal streams in a channel.—As the tide wave, 


Fig. 190, passes an observer, the crest, trough, and intermediate 
uw 17415 Zi 
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points pass in succession, moving in the direction shown by the 
large arrow which we will suppose to be East. While the wave 
form extending from B to C is passing there is a Westerly 
stream, and this continues to flow, after the trough C has 
passed, till 1ts momentum has been checked by the gradient 
between C and H, when an Easterly stream begins to flow. 
Similarly there is an Easterly stream at HL which continues to 
flow till checked by the gradient between H and F, when the 
stream is again Westerly. | 


249. Times of turning of tidal streams.—From the 
above it will be seen that, in general, the tidal streams at any 
place will not turn at the times 
of high and low water at that 
place. The time of the turn wes 
of a tidal stream is generally ee 
referred to the time of high or 123 A 


low water of some adjacent ae f 
port or anchorage, but insome Shoal. | 
‘ ; : ae ey ee — ». 3hours 

places the time at which a “cae eae se 

: : “8 after after H.W. 
particular stream begins to “8 ow. U 
flow is given on the chart oe 
for the days of Full or Change | ig 0 (ARE 
of the moon; for example eo 
¢ e d ! 
North-Easterly stream begins Fic. 191. 


Gb LA ee i.e oandacates 

that on the days when the moon crosses the meridian of the 
place at 12" or 0, a stream begins to flow to the North- 
Eastward at 9 o'clock. This is analogous to the use of the 
vulgar establishment of the port with respect to tides, and the 
beginning of the stream on any day may, therefore, be found 
in a similar way to that of finding the time of high water from 
the H.W.F. & C. (§ 239). In a few places the time of the turn 
of the tidal stream is referred to the age of the moon. 

The time at which a tidal stream turns is often different at 
different distances from the shore, being generally rather later 
in the offing than inshore. In the vicinity of shoals which dry 
at low water the direction of the tidal stream is affected by the 
water flowing on and off the shoal, and is different at different 
stages of the tide ; sucha stream is called a rotary stream, and is 
illustrated in Pig. 191. 


250. The rates of tidal streams.—dAs a general rule 
the rate of a tidal stream at any place varies throughout a 
lunation, being least and greatest at the times of neap. and 
spring tides respectively. The rates shown on the chart are 
the average rates at those times; for example, the tidal 
stream at a certain position in the English Channel is 
shown on the chart as 233° (8. 67° W. Mag.), average rate, 
+ to 14 knots. bie” 
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As was explained in § 247, tidal streams are caused by the 
tide wave meeting a submarine plateau, and, naturally, when it 
reaches comparatively shoal water, the presence of rocks or 
irregularities in the bottom bring about local changes in the 
directions and rates of the tidal streams; thus it is found that 
the rate of a tidal stream is greater in the close proximity of 
salient points than in the offing. 

Where a submarine ridge of rocks rises abruptly the tidal 
stream flows over it at a great rate, and the surface of the water 
is very disturbed ; at sucha place the tidal stream is called 
a race, many examples of which are found round the British 
Islands, the most familiar being that South of Portland Bill. 

Where sudden changes of depth occur the tidal stream 
presents the appearance of a miniature race, and in this case it is 
called an overfall or tide rip, examples of which may be seen, 
in settled weather, above the edge of the submarine plateau on 
which the British Islands are situated. 7 

An eddy is a small local whirl in the water and is found in 
places where the tidal streams are strong and the bottom very 
irregular. 

Races, overfalls, or tide rips, and eddies are ued on the. 
charts as shown in S 160. 


251. The tidal streams round the _ British 
Islands.—'l'he times of turning of the tidal streams round 
the British Islands and in the North Sea are referred, on the 
charts, and in the Sailing Directions, &c., to the time of high 
water at Dover. Full details of these streams are given in a 
book entitled “‘'Tides and ‘Tidal Streams of the British Islands” ; 
the tidal streams are also shown in the Tidal Atlas, which 
consists of 12 charts (one for each hour of the tide at Dover), on 
which the mean direction of the stream at any place is indicated 
by an arrow, and the mean rates at the times of neap and spring 
tides are stated in knots. 

When estimating the direction and rate of a tidal stream, it 
should be remembered that, although the direction and rate 
given are those which may be expected under ordinary 
conditions, the wind has a very great effect on tidal streams 
and tends to produce a surface current. 


bo 
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PART IV.—NAVIGATIONAL INSTRUMENTS. 


CHAPTER XXIV. 
THE MAGNETIC COMPASS. 


THE MAGNETISM’ OF THE EARTH AND SHIP. 


252. Magnetism.—In Parts I., IJ. and III. it has been 
assumed that the reader is acquainted with the principles of the 
various instruments which have been mentioned. In Part IV. 
we have to give an account of these instruments and to explain 
the methods by which their errors are allowed for or eliminated. 
The instrument on which the navigation of a ship chiefly 
depends is the compass, and this may be either a magnetic or 
a gyro-compass. In this and the two following chapters we 
_ shall deal with the magnetic compass, but as this instrument 
depends on the magnetism of the earth modified by that of the 
ship, we shall first give a general idea of magnetism. 

Magnetism is the property of attracting iron which is 
peculiar to certain substances. It was first observed in a certain 
ore of iron called lodestone, which is found in many parts of 
the earth in connection with other iron ores. When a piece of 
this substance is brought near to small fragments of iron it 
attracts them; a piece of such a substance is called a natural 
magnet. 

Besides natural magnets there are artificial magnets which 
may be made by contact with natural magnets or by other 
means. Artificial magnets attract iron in the same way as 
natural magnets, and in either case the attraction is concen- 
trated at two points, called poles, which in the case of a 
magnetised steel bar are situated very near the ends. Let us 
suppose that two artificial magnets whose poles are a, b and A, 
B have been made, and that in the process of manufacture 
a corresponds to A and b to B; then itis found that, if the 
magnet «wb be freely suspended, the pole A will repel the pole a 
and attract the pole b. This property of two magnets is 
generally stated in the form of a law—Like poles repel, unlike 
poles attract one another. 

A pole of a magnet is said to be of unit strength if, when 
placed in air at a distance of one centimetre from a similar 
pole, it is repelled with a force of one dyne. It is found by 
experiment that, if the strengths of two poles are S and S’, and D 
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is the distance hetween them, the force exerted by either pole 
on the other is 
Suse 
1D? 
and this force is an attraction or a repulsion according as the 
poles are unlike or like. 

It is impossible to separate the two poles of a magnet, but 
for convenience we may suppose that the magnet AB, Fig. 192, 
is acting on a solitary pole a. This pole is under the action of 
two forces—a force of attraction 
in the direction aB, and a force 
of repulsion in the direction 
Aa; the resultant of these 
forces is in some direction 
aQ, and this direction is called 
the direction of the line of 
force of the magnet AB at the 
point a. Similarly, if a large 
number of points, such as a, Fig. 192. 
are considered, the directions of 
the lines of force of the magnet AB will be as shown in Fig. 193 ; 
the area over which the influence of the magnet is felt is called 
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the field of the magnet. If asmall magnet ab, whose influence 
on a large magnet AB is inappreciable, be freely suspended in 
the field of the magnet AB, it will take up a position along 
line of force as shown in Fig. 194. | 
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If the magnet ab be freely suspended at any place ‘on 
the earth’s surface, it will take up a definite position at: that 
place; in North latitude one 7 
pole, a say, will point down- 
wards and roughly in the 
direction of the North pole of 
the earth (Fig. 195); at the 
equator the magnet will be 
nearly horizontal, and in South 
latitude the pole b will point 
downwards and roughly in the 
direction of the South pole of 
the earth. From this and the 
law stated above we conclude 
that the earth is a natural 
magnet, and that its poles, 
called the North and South Figatost 
magnetic poles, are situated in 
the vicinity of the geographical poles. Thus we see that the 
magnetism of the pole b, which is at the South-seeking end of 
the magnet ab, is of the same nature as the magnetism at the 
North magnetic pole; so, in order to avoid confusion when 
using the terms North and South, the magnetism of the earth 
at the North magnetic pole is called blue magnetism and that at 
the South magnetic pole red magnetism. The magnetism of the 
pole a is, therefore, red and that of 6 blue. 


It will be convenient to consider that the lines of force of a 
magnet always proceed from the red pole to the blue, so that 
the direction of the lines of force of a magnet at any point in 
its field may be defined as being the direction in which a 
solitary red pole would travel under the influence of the magnet. 


253. The effect of a magnet on an isolated pole. 
—let AB (Fig. 196) be a small magnet of length 21 and pole 
strength S, and let O be an isolated red pole of unit strength, 
distant r from the centre of the magnet, r being so great com- 


pared with J that squares and higher powers of — may be neg- 
Fe: 


lected. Let Ox and Oy be two rectangular axes, the former 
being parallel to the magnet. Let COy = @ and each of the 
angles AOC, COB (which are approximately equal) = dé. 


The pull of Bon O = aye x sind)? along OB, 
The push of A on O = 8) : eer along AO. 
Therefore the force on O along Ox is 

See asin (a day See ee, sin(@ + dé) 
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Fig. 196. 


When @ = 90°, this expression becomes ae and when 
Y 


§ = 0° it becomes — Sak ; therefore the force due to the magnet 
7 


in the direction Ox when “end on” is twice that due to the 
magnet when “broadside on,” and in the opposite direction, 
as shown in Fig. 197. 


Again, the force on O along. Oy is 
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This expression vanishes when 8 = 0° and 90°. 
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254. The molecular theory of magnetism.—lIf a 
magnet is cut in two it is found that each of the parts is itself 
a magnet; and if these parts are again divided the smaller 
parts are also magnets, and so on. It may therefore be con- 
cluded that if a magnet were broken up into its constituent 
molecules each of the molecules would be a very small magnet. 
The molecular theory of magnetism assumes that the molecules 
of a piece of iron are magnets. When the iron exhibits no 
external trace of magnetism the molecules are supposed to be 
lying among one another without any definite direction, but 
when the iron is magnetised the molecules all lie parallel to one 
another, all the red poles being directed to one end and all the 
blue poles to the other. 


255. Magnetic induction.—Magnetic induction is the 
name given to the capacity which a magnet possesses for 
imparting magnetism to, or inducing magnetism in, a piece of 
iron placed in its field. 

For the purpose under consideration iron may be divided 
into two kinds, hard and soft. Hard iron comprises those 
metals which offer considerable resistance to being magnetised, 
but if once'‘magnetised they remain so. ‘The property by virtue 
of which hard iron resists and retains magnetism is called its 
coercive force. Softiron comprises those metals which instantly 
acquire magnetism when placed in a magnetic field, but which 
have no power of retaining it when the magnetic field is removed. 
So called soft iron is never so pure that there is not some small 
amount of magnetism remaining after the magnetic field has been 
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the lines of force pass directly through it and cause it to be 
magnetised as shown. When in the position a’ b’, the lines of 
force are deflected from their normal paths and pass through it 
producing magnetism asshown. It will be noticed that, since the 
lines of force are supposed to proceed from the red pole to the 
blue, the end of the iron rod at which the lines enter becomes a 
blue pole, and that at which they leave becomes a red pole. It 
will also be noticed that the lines of force tend to crowd together 
through the iron bar because iron is a better conductor of 
magnetism than air, and that in the immediate vicinity 
of the iron rod the lines of force, which do not enter it, are 
further apart than elsewhere. If the iron bar is placed in the 
position a’’ b’’ so that its length is normal to the lines of force, 
no magnetism is induced if its diameter is small compared with 
its length. | | 

If, instead of the iron rod a 6, a soft iron ring, Fig. 199, were 
placed in the field of the magnet, the lines of force, following the 


Fig. 199. 


path of least resistance, would travel round the ring and emerge 
on the opposite side. Thus the effect of the ring would be to 
screen off the area within it from the effect of the magnet.AB, 
and the ring would be magnetised as shown. If the ring were 
made to revolve, the poles a, b, would remain in the same places 
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relative to the magnet AB, and therefore would apparently travel 
round the ring. | | | 

If, however, we suppose the metal of the ring to be inter- 
mediate between hard and soft iron, two poles a’, b’, Fig. 200, 
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would be formed on the inside of the ring and lines of force 
would flow from a’ to b’ within the ring. If this ring were made 
to revolve, the four poles a, b, a’, b’ would not exactly retain their 
positions relative to the magnet AB but would move slightly in 
the direction of rotation, and thus the direction of the lines of 
force within the ring would be slightly altered ; this effect is of 
cuusiderable importance, as will be explained in § 304. 


256. Artificial magnets.__We have now to explain how 
artificial magnets are made, and in order that they may be of a 
permanent nature, a special alloy, consisting of steel with the 
addition of 5 per cent. of tungsten, is used, because the most 
powerful magnets can be produced from this on account of its 
great coercive force. | 


(a) By percussion.—In Fig. 198 if the bar a’b’ is of hard iron 
and is held in the direction of the lines of force of the powerful 
magnet AB it will not become magnetised, on account of its 
coercive force’; a succession of blows from a hammer, however, 
assists the molecules, which are very small magnets, to take up 
a position parallel to one another, and the bar as a whole 
becomes a magnet. ‘This method is not employed in the manu- 
facture of artificial magnets, but advantage is taken of the 
property of magnetic induction mentioned above, various pro- 
cesses being employed, the most important of which are :— 
(b) By. single touch.— In + B 

Fig. 201 let ab be a bar of 
hard iron which it is desired 
to magnetise. The bar ab is 
stroked with a powerful per- 
manent magnet AB as shown 
in the Figure, the direction of 
movement being always the 
same; ab becomes magnetised 
as shown, the end b, where the 
rubbing magnet leaves, acquir- 
ing opposite magnetism to the 
rubbing pole A. 
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(c) By separate or divided touch.—The bar of hard iron ab 
is, in this case, stroked from its centre to its ends with two power- 
ful permanent magnets AB ,, 
and A’B’ as shown in Fig. 
202. The bar becomes mag- 
netised as shown, each end 
acquiring opposite magnetism 
to that of the rubbing pole. 

Magnets of small power 
are frequently made by this 
or the preceding method. 


(d) By electric current.— 
Around a wire through which an 
electric current flows there is a 
mapnetic field, the lines of force 
being concentric circles whose 
planes are perpendicular to the 
wire. Thus, if-an electric cur- 
rent is flowing from the positive 
to the negative pole in the direction 
shown by the arrow in Fig. 203, 
and if CD is aplane perpendicular - 
to the wire, the lines of force in 
the plane CD are the dotted circles 
shown, and their direction—that 
is, the direction in which a’ soli- 
tary red pole would move in the 
plane CD—is that shown by the 
curved arrow.  ‘l'he TH 
rule for finding the 
direction of the lines 
of force due to an 
electric current, is — 
swim with the current 
and face the solitary 
red pole, then your 
left hand indicates the 
direction. 

If the wire is bent 
into the form of a loop, 
as shown in Fig. 204, 
it will be seen that the 
directions of all the 
lines of force within Fig. 204. 
the loop are the same ; 
consequently, if a bar of hard iron is placed within the loop se 
that the lines of force flow through it, the bar will become 
magnetised asshown. Whenan artificial magnet is made in this 
manner, an insulated wire which carries the current is wound 
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round the iron bar several times so as to strengthen the field. 
This method is employed for making powerful magnets such 
as those used for the correction of compasses, and needles for 
compasses of recent date. 


257. Effects of temperature on magnets.—Magnets 
constructed of the alloy mentioned in § 256 retain their 
magnetic properties permanently, unless they are brought into. 
an opposite magnetic field of great power or subjected to 
very high temperatures. If a permanent magnet is heated to a 
temperature between 1300° and 1500° F., it loses its magnetic 
properties, and the temperature at which this occurs is called 
the critical temperature for the particular metal of which the 
magnet is composed. Ordinary changes of atmospheric tem- 
perature have little or no effect on magnets. Raising the 
temperature of soft iron has the effect of greatly increasing its 
capacity for induction; thus, at a temperature of 1427° F. the 
capacity of soft iron is many times greater than at ordinary 
temperatures, but after further heating there is a rapid decrease 
until, at 1445° F., the iron is non-magnetic. 


258. Terrestrial magnetism.—As stated in § 252, the 
earth is a huge natural magnet whose poles, as is found to be 
the case in all natural magnets, are unsymmetrically placed. 
The North (blue) magnetic pole is situated N.W. of Hudson 
Bay, and the South (red) magnetic pole in the Northern part of 
South Victoria Land. These magnetic poles are not fixed points 
on the earth but are constantly moving onward in unknown 
paths, and apparently complete a cycle in a period of many 
hundreds of years. Besides this onward movement of a few 
miles per annum the poles have a small daily oscillation. 

The lines of force of the carth vary in direction from 
the vertical at the magnetic poles to the horizontal in the 
vicinity of the equator. <A line drawn on the surface of the 
earth through all points where the lines of force are horizontal 
is called the magnetic equator, and this line may be assumed to 
be the line of division between the red and blue magnetism of 
the earth. 

If a magnetic needle were freely suspended at any place 
under the influence of the earth’s magnetism only, it would he 
in the direction of the line of force at that place, and that 
great circle of the earth in the plane of which the needle 
would lie is called the magnetic meridian of that place; the 
angle between the meridian and the magnetic meridian of the 
place is the magnetic variation (§ 14). 

The earth’s magnetic force on a solitary red pole of unit 
strength at any place, called the total force at that place, acts 
along the line of force at that place, and this, as stated in § 252, 
is inclined at various angles to the earth’s surface. The angle 
which the line of force at any place makes with the horizontal 
plane is called the dip at that place and will be hence by 6. 
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It is convenient to resolve the total force at any place into 
its horizontal and vertical components, denoted by H and Z 
respectively, so that 
1A 
H 

The earth’s horizontal and vertical forces at any place are 
shown on charts, called charts of equal horizontal force and 
charts of equal vertical force respectively, by means of lines 
drawn through all points where the forces, expressed in c.g.s. 
units (dynes), are the same. ‘The dip at any place is shown on 
a chart called the chart of equal magnetic dip, by means of 
lines drawn through all points where the dip is the same ; these 
lines are sometimes called lines of equal magnetic latitude. 
The magnetic equator is the line of no dip, and the pecked lines 
on the chart, South of the magnetic equator, indicate that the 
South (blue) end of the needle is depressed. 

Charts of equal horizontal and vertical force and of equal 
magnetic dip will be found in the Admiralty Manual for the 
Deviations of the Compass. 
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259. Changes in the variation.—The variation at any 
place is liable to regular and irregular changes, the regular 
changes being secular, annual, and diurnal. 

The secular change.—The secular change of the variation 
is that which takes place over long periods, and from which 
the regular yearly change, given on the variation chart, is 
obtained. 


The annual change.—From April to July, Westerly variation 
decreases and Easterly variation increases; the converse occurs 
during the remainder of the year. In May and October the 
variation, apart from its secular change, is about the same. 
During the winter months the changes are small. 


The diurnal change-—From early morning till 1" or 25 p.m. 
in the Northern hemisphere the mean movement of the North 
(red) end of the needle is from East to West; from 2" p.m. to 
105 p.m. it is from West to East, and during the night it is 
practically nil. In the Southern hemisphere the mean move- 
ments during the same intervals take place in the opposite 
directions. In the Northern hemisphere Westerly variation is 
greatest during the hottest part of the day. The diurnal 
change is smallest near the equator, where, in some places, it 
does not exceed 3’ or 4’, and it increases with the latitude. 
In England the diurnal change varies from 25’ in summer to 
5’ in winter. 

The irregular changes are said to be due to magnetic storms, 
which occur with great rapidity and cause deflections of the 
needle to the right and left. It is found that magnetic storms 
are nearly always accompanied by the exhibition of the auroree 
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in high latitudes (§ 196). It is extremely unlikely that. 
a magnetic storm would cause an appreciable alteration of the 
variation, and probably the storm would only be manifested by 
a slight oscillation of the needle. | 


The magnetic variation is found at magnetic observatories, 
but a compass (called the landing compass) is supplied to each 
of H.M. ships, and by means of this instrument observations 
may be taken at any place where there are no observatories. 


260. Obtaining the variation by observation on 
shore.—The method of obtaining variation on shore consists 
of taking bearings, with a compass, of objects whose true 
bearings can be found. ‘The compass should be unaffected by 
any other magnetic field than that of the earth in order that the 
bearings shown by it may be magnetic; the difference between 
the compass and true bearings gives the variation. 


The compass used for this purpose is called the landing 
compass, and consists of a bowl in which is mounted a compass 
card; the card is graduated as shown in Fig. 9, the graduations 
being given for every 20’. The card is supported on a hardened 
steel pivot by means of a sapphire cap screwed into the centre 
cf the card ; two pivots and two caps are supplied with each 
compass. An arran gement called a lifter is provided, by means 
of which the card can be raised above the pivot, when it is 
desired to move the compass to another position near by. This 
avoids the risk of damage to the cap or pivot, and the card need 
only be unshipped when the compass has to be moved a con- 
siderable distance. When not in use the card should be kept 
in the box provided for the purpose. On the top of the bowl is 
fitted a graduated ring which is free to revolve, and which carries 
sight vanes together with a magnifying prism by which the 
reading of the card is facilitated. 


When selecting a place at which to take observations care 
should be taken that no iron ore, steel buildings, or other mag- 
netic substances are in the vicinity. Having set up the compass 
in the selected position, bearings of several objects, more or less 
evenly distributed round the compass, should be taken, in order 
that the centering error of the card may be eliminated. If a 
spare compass card is provided the observations should be 
repeated with it, and in any case the observations should be 
repeated with another cap and pivot. 


In order to obtain the true bearings of the various objects the 
true bearing of one of the objects should be obtained in the manner 
which will be described in § 261; the horizontal angles between 
that object and each of the other objects should then be measured, 
and thus the true bearings of all the objects deduced. ‘The sex- 
tant may be used to measure the horizontal angles, and, if one 
object should be at a greater elevation than another, the angle 
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should not be taken to the elevated object, but to a point vertically 
below it. The graduated verge-plate, fitted to the bowl of the 
landing compass, may also be used to obtain the horizontal 
angles. This plate is graduated from 0° to 360° in the direction 
of the hands of a watch; the reading of the index, which is 
fitted on the ring which carries the sight vanes, may be accurately 
determined by means of a magnifying glass and vernier. The 
index should be set to zero, and the bowl trained until the line 
of the sight vanes passes through the object selected. The 
bowl should then be clamped and the sight vanes trained on to 
each of the other objects in succession, the horizontal angle being 
read from the zero object on each occasion. The sight vanes 
should be subsequently trained on to the zero object in order to 
see if the bowl has been displaced. 


261. To find the true bearing of an object by 
observation.— To find the true bearing of an object the 
horizontal angle between the sun and the object is found by 
observation, as well as the true bearing of the sun at the same 
instant. The best results are obtained with a _ theodolite 
because this instrument is constructed for accurately measuring 
horizontal angles; the method of using a theodolite will be 
found in works on surveying. When no _ theodolite is 
available the horizontal angle can be obtained by means of 
the verge-plate of the landing compass, the training of the 
sight vanes on the sun being facilitated by a small mirror 
which deflects the sun’s rays into the horizontal plane. The 
zero having been set, as explained above, on to the selected 
object, the sight vanes should be trained so that the vertical 
thread exactly touches the right or left limb of the sun. At 
the same instant the altitude of the sun should be observed in 
an artificial horizon, or the time noted by the deck watch, in 
order that the azimuth of the sun may be calculated ; since, 
however, the sextant is more reliable than the deck watch, it is 
preferable to observe the altitude. About ten observations 
should be taken, five to the right limb and five to the left. 


Owing to the difficulty of determining whether the verge- 
plate of the landing compass is exactly horizontal, and 
because the sextant is a far more accurate instrument than 
the verge-plate, observations with the sextant, for determining 
the horizontal angle, are preferable. 


As it is generally impossible to measure the horizontal angle 
between the sun and an object with a sextant, it is necessary 
to measure the angular distance between the object and a limb 
of the sun, and to calculate the horizontal angle from this and 
the apparent altitudes of the sun and object. As the angular 
distance is necessarily measured to a limb of the sun, the 
semi-diameter must be added or subtracted to obtain the 
angular distance to the sun’s centre, according .as the nearer or 
further limb has been observed. 
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Case 1.—Object on the 
horizon.—In Fig. 205, 
which is on the plane of 
the observer's horizon, let . 
X' be the apparent place of 
the sun’s centre—that is, 
the point of the celestial 
concave where it is inter- 
sected by the tangent to the 
ray of light at the observer's 
eye. Let X be the true 
place of the sun and O an 
object on the horizon; then 
in the triangle PZX the 
three sides are known and 


we have— Fig. 205. 


hav PZX = cosec PZ cosec ZX Ay hay (PX re PILZX) hay (PX LIPTAZX) 
In the triangle OZX’, ZO is 90° and we have— 
cos X'ZO = cos OX’ cosec ZX’ 


from which, since OX’ is the angular distance, and ZX’ is the 
complement of the apparent altitude, the angle X’ZO can 
be found. With regard to this formula it may be useful to 
remember that X’ZO is greater or less than 90° according as 
0X’ is greater or less than 90°. 


Case 2.—Object elevated—When the object O is not on the 
horizon the angle X’ZO may be found from the ordinary 
haversine formula. 

The object O should be so selected that its angular distance 
from the sun is as nearly 90° as possible, because then a small 
error in the altitude of O will have the smallest effect on the 
horizontal angle OZX’. 


262. Example of finding variation on shore.— 
On July 25th, 1914, at about 7> a.m. M.T.P. at Wei-hai-wei, 
in latitude 37° 30’ 10’ N., longitude 122° 9 45) iar 
following observations were taken to determine the variation. 
The index errors of the sextants with which the altitudes 
and the angular distances were observed were respectively 
+ 1/00” and — 1’ 30”. 

© 45° 00' 30” Beacon (on horizon) 95° 56’ 10’ [5 
© 45 17 00 : 96 33 10 1 


Horizontal Angles. 


Beacon 69° 00! 40” Centurion Flagstaff 72° 15’ 00” Earthwork. 
Earthwork 121° 37’ 50” Lighthouse 64° 03’ 00” Flagstaff. 


Compass Bearings. 


Beacon NGO LO aye Centurion Flagstaff N. 58° 45’ E. 
‘Earthwork 8. 49 00 E. Lighthouse - §. 72. 30 W. 
Flagstaff N. 45° 30’ W. 
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To find the azimuth of the sun. 


M.T.P. 19» 00" July 24th Dee. 20° 00’ 23"-3 N, 31-02 
Long. 8 08 (EB). 5 87 +2 10°87 
GD. 1052 July 24th 19 54 46 N. 21714 
Se 90 00 00 24816 

sia 3102 


(e058 14 = Polar 
Mis taneee. 60/497. 1874 


5/ 37-9 

oY, 45° 00! 30" 45° 17! 00” 

LE. - - + 1 00 id Oe - + 1 00 
2/45 01 30 2/45 18 00 

App. alt. L.L. 22 30 45 App. alt. L.L.- 22 39 00 
S.D. - - +15 46 S.D. - - + 15 46 
App. alt. © - 22 46 31 App. alt. © - 22 54 46 
Ref-Px - - —2 11 Ref-Px - - —2 10 
True alt. - 22 44 20 -True alt. - 22 52 36 


Lat. 37°30'10" ZL sec0°10055 Lat. 37° 30'10"” LD sec 0:10055 
Alt. 22 4420 L sec 0:03514 Alt. 22 52 36 =6©. TL see 0° 08558 


— ey 


14 45 50 14 37 34 

Pol. dist. 70 05 14 Pol. dist. 70 05 14 
84 51 04 § LD hav 4:82906 84 42 48 4 Lhav 4:82848 
55 19 24 4$ LD hav 4°66674 55 27 40 4} Lhav 4°66774 
963149 9° 63235 


Azimuth - N. 81°43' 30" H. Azimuth - N,. 81°49'30” EH. 


To find the true bearing of the beacon. 


95° 56’ 10” 96° 33' 10” 
Pe + = - —1 30 LE. - - —1 30 
95 54 40 96 31 40 
e.D, - + 15 46 S.D. : - —15 46 
96 10 26 96 15 54 


Ang. dist. 96°10'26” TZ cos 9°03162 Ang. dist. 96°15'54” D cos 9-03790 
App. alt. 22 46 31 Lsec 0:03526 App. alt. 22 54 46 LD sec 0:03575 


I cos 9° 06688 I cos 9°07365 
Hor. Angle - 96° 41! 55! Hor. angle - 96° 48) 15” 
Sun’s Azimuth N. 81 43 30H. Snn’s Azimuth N. 81 49 30 HE. 
True bearing of True bearing of 
beacon ~ N. 14 58 25 W. beacon - N, 14 58 45 W, 
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To find the true bearings of the various objects. 


Mean true bearing of Beacon - N. 14°58'35"” W. 
Beacon - - - : 68 59 10 Centurion Flagstaff. 
True bearing of Centurion Flag- N. 54 00 35 E. 
staff. 
Centurion Flagstaff - - 72 18 30 Earthwork. 
126 14 05 
180 00 00 
True bearing of Harthwork - §.53 45 55 EH. 
Earthwork - - - - 121 36 20 Lighthouse. 
True bearing of Lighthouse - 8.67 50 25 W. 
Lighthouse - - - 64 00 30 Flagstaff. 
131 51 55 
180 00 00 
True bearing of Flagstaff - - N. 48 08 05 W. 


S Es 
Fia. 206. 


To find the mean variation. 


Beacon. Centurion Flagstaff. Earthwork. 


True bearing - N. 14°58'35" W. N.54°00'35" BE.  §. 53° 45°55" HB. 
Compass bearing N. 101000 W. N.58 4500 BE. 8.49 00 00 FE. 


Variation - - 4 48 35 W. 4 44 25 W. 4 45 55 W. 
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Lighthouse, | Flagstaff. 
True bearing - §. 67°50! 25” W. N. 48° 08’ 05” W. 
Compass bearing - §.72 30 00 KE. N. 43 30 00 W. 


SSS eee —— 


Variation - - 4 39 35 W. 4 38 35 W. 


Mean Variation see decAj5 eo. We 


263. Local attraction.—lIn a few places, where magnetic 
ore exists, the lines of force of the earth deviate considerably 
from their otherwise natural directions; therefore, in the imme- 
diate vicinity of such ore, the variation suddenly differs from 
that in the neighbourhood, and the attraction which causes the 
difference is called local attraction. ‘The effect of a mass of 
magnetic ore can only be felt when very close to it, because the 
effect of one magnet on another varies inversely as the cube of 
the distance between them (§ 253), and we infer that no effect is. 
likely to be felt on board a ship unless she happens to be in. 
shallow water. It has been calculated that to produce an. 
appreciable effect when a ship is in 30 fathoms of water a. 
magnet of enormous power would be required. ‘Thus it is 
obviously impossible for magnetic substances on shore to 
produce any effect on board a ship, unless she is extremely 
close to them. Information is given in the various Sailing 
Directions as to the places where local attraction has been found 
to exist. ‘The most remarkable of these places is near Cossack 
in Western Australia where, in nine fathoms of water, the 
variation has been observed to vary from 56° E. to 26° W. in 
a distance of 200 yards. 


264. The compass.—We have seen that at any place a 
freely suspended magnetised needle lies in the direction of the 
line of force at that place and, in general, is inclined to 
the horizontal plane. Since direction on the earth’s surface 
is measured by a horizontal angle we require the compass 
card to lie horizontally ; therefore the card with its needle (or 
system of needles) is suspended in such a way that its centre of 
gravity is vertically below the point of suspension. Now the 
forces acting on the compass needle (or needles) at any place are 
the earth’s vertical force Z and the earth’s horizontal force H ; 
the effect of Z is counteracted by the particular method in which 
the compass card is suspended ; the force H causes the needle to 
point in the direction of magnetic North at the place, and may 
therefore be termed the. directive force of the earth at that 
place. 

Aa2 
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265. To compare the earth’s horizontal force at 
two places.—The time of oscillation (7') of a compass needle 
when displaced in the horizontal plane from its mean position 


is given by | 
T Dg penile 
Ce Ti io aerial eee 
/ HM 


where I is the moment of inertia of the needle about its axis, 
Mis the magnetic moment of the magnet, 
and fH is the earth’s horizontal force at the place. 
If the compass needle is removed to a place where the 
earth’s horizontal force is H', the time of oscillation (Z") is 


given by 3 
no a ae, 
H'.M 
therefore 
Lines alii 
Tet Te 


Thus, if the times of oscillation of a compass needle are 
noted at two places, we see that the horizontal forces at the 
two places may be compared by means of this formula. 


266. The permanent magnetism of a ship.—lf a 
compass needle is brought into the field of a magnet, the direc- 
tive force will be increased or decreased according as the lines 
of force of the magnet act with or against those of the earth. 
Now a ship, on account of the large amount of iron used in her 
construction, assumes the character of a large magnet, and 
therefore a compass on board a ship indicates direction under 
the action of two systems of lines of force—the system due 
to the earth which tends to make the needle le in the magnetic 
meridian, and that due to the ship which tends to cause devia- 
tion. Before proceeding to deal with the deviation of the 
compass we must consider how the magnetism of the ship is 
acquired and distributed. The material of which a ship is 
constructed may be assumed to consist of hard and soft iron. 
On account of the earth’s lines of force passing through 
a ship while she is being built, and the continual hammering to 
which the iron is subjected in the process of building, the hard 
iron becomes magnetised more or less permanently. When a 
ship is completed there appears to be an excess of magnetism, 
for it is found that, during the first few months at sea, she 
gradually loses a small amount, and finally settles down to a 
condition in which she may be regarded as a permanent 
magnet of constant strength. 

The lines of force, travelling from South to North, produce 
a blue pole on the side of the ship at which they enter and a 
red pole on the side at which they leave; these poles are in 
the plane of the magnetic meridian of the place and also on 
the line of dip, but their positions, with regard to the fore-and- 


Line of Dip 


Ship built head 
East in England 
Dip o7 


Section looking 
trom Aft forward. i _ ee 


Ship built head 
South West in 
England 


Ship built head 
North in England 


Ship built head North 
on the Magnetic Equator 


Ship built head North 
ar Sydney (V.S.W.) 


Line of ip 


Fig 207. 
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aft line, depend upon the direction of the ship’s head when 
building. Fig. 207 shows approximately how the red and blue 
magnetism is distributed in a ship according to the magnetic 
latitude in which she was built and to the direction of her head 
when building. 

The permanent magnetism of the hard iron of the ship 
induces magnetism in the soft iron, which is of opposite sign 
to the inducing force (§ 255) and equally permanent in 
character. Thus, the permanent magnetism of the ship may 
be regarded as the difference between the permanent magnetism 
of the hard iron and the magnetism induced by this in the 
soft iron. 

Instead of regarding the ship as a magnet, it will tend to 
clearness if we suppose that the ship is free from all magnetism, 
but that she carries a magnet, as shown in Fig. 208 which 
represents a ship built in England (where the dip is 67°) with 
her head N.W. ‘The effect of this magnet at the compass is the 
same as that of the permanent magnetism of the ship, and 
the direction in which it acts depends on the direction of the 
earth’s lines of force at the place where the ship was built. 

To investigate the effect of this magnet on the compass, we 
need only consider the force which is introduced at the North- 
seeking (red) end of the compass needle ; this force, on account 
of the double symmetry of the ship, may be conveniently 
resolved into components in the fore-and-aft, athwartship, and 
vertical directions. 

It is obvious that if we could place a similar magnet in 
contact with NS, but with its poles in the opposite directions, no 
effect would be felt at the compass. As it is impracticable to 
introduce such a magnet, a number of magnets are placed so 
close to the compass that they need only be of small strength, 
and in such a way as to counteract the components of the force 
at the compass due to the magnet NS. 

In Fig. 208 the components of this force on the North- 
seeking (red) end of the compass needle are shown as P, Y and 
- f, P being considered + when the pull on the North-seeking 
(red) end of the needle is forward, Y being + when the pull is 
to starboard and R + when the pull is downwards; when the 
pulls are in the opposite directions these forces are considered —. 
In Fig. 208 all the forces are negative. 


HG 2.0n- 


267. The induced magnetism of a ship.—Besides 
the hard iron of a ship there is a certain amount of soft iron 
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which is always in a state of magnetisation, due to the earth’s 
lines of force flowing through it; the amount and distribution of 
the induced magnetism depends on the ship’s magnetic course. 
Thus, when the course is North, the forward end of a horizontal 
fore-and-aft bar of soft iron has red magnetism induced in it. 
When the course is N.E. the bar still has red magnetism at its 
forward end but of smaller amount. When the course is Kast 
there is no induced magnetism in the bar, since the lines of force 
are perpendicular to the bar. The magnetism induced in the 
bar when the course is North, North-East, East, &c. (magnetic) 
is as shown in Fig. 209. 


N 
ey 
NW. N.E. 
r 17? 
b 
b b 
Reaioe ee) 
7? i 
fife 
b 
SW. 
a) 
S 
Fig. 209. 


Thus we see that the magnetism induced in a soft iron bar 
in a ship depends on the angle between the bar and the lines 
of force of the earth; as this angle changes with every 
alteration of course the magnetism felt at the compass, due to 
this simple arrangement of soft iron, 1s subject to considerable 
variation. 

As the soft iron of the ship lies in many directions it will 
be easily understood that the analysis of its effect at the 
compass presents considerable difficulties. These difficulties 
are partially surmounted by making the following assump- 
tions :— 


(1) The soft iron of a ship lies in three directions, fore-and- 
aft, athwartships, and vertical. 

(2) The magnetism induced in soft iron is proportional to 
the inducing force. 
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To find the effect of the induced magnetism, it becomes 
necessary to find the components of the earth’s total force in 
the three directions -just mentioned. The vertical and _hori- 
zontal components of the earth’s total force are Z and H 
respectively ($ 258), so that we have to resolve H in the fore- 
and-aft and athwartship directions. 

In Fig. 210 let Ox be the fore-and-aft line of a ship, the 
direction from O to « being forward and considered +. Let 
Oy be the athwartship line, the direction from O to y being to 


Tre. 210. 


starboard and considered +. Let ON be the magnetic 
meridian, and let the angle NOx, which is the magnetic course 
measured from the magnetic meridian in an Hasterly direction 
from 0° to 360°, be denoted by Z, 

With these conventions as regards signs, it will be seen 
that the components of the earth’s horizontal force, in the fore- 
and-aft and athwartship directions, are H cos ¢ and —H sin € 
respectively. ‘Therefore the components of the earth’s total 
force, in the three perpendicular directions mentioned above, 
are as shown in Fig. 211. 

From the above we see that the soft iron of the ship is 
magnetised by three forces :— 

H cos € fore-and-aft, 
— H sin € athwartships, 
Z vertical ; 
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and in order to study the magnetism of the soft iron we shall 
deal with the effects of each of these forces separately. Let us 
first consider the effect of the fore-and-aft force H cos¢ on the 
soft iron of the ship. 


x 
Pig. 211. 


As explained in § 255, when a bar of soft iron is placed in 
a magnetic field the directions of the lines of force due to the 
magnetic field are modified in the vicinity of the soft iron, and 
the lines of force due to the magnetism induced in the bar are 
in the opposite direction to that of the inducing force. We 
may therefore consider that a similar result will occur when the 
fore-and-aft component of the earth’s magnetism (H cos €) enters 
the soft iron of the ship, and we may conclude that the direction 
of the force at the compass, due to the induced magnetism, will 
not be in the fore-and-aft horizontal line but in some other 
direction. From the assumption (2) above the magnitude of the 
force at the compass will be lH cos (, where l is a constant 
depending on the soft iron of the ship. 

In order to analyse the effect of this force at the compass we 
must resolve it into the three directions above mentioned. Letus 
suppose that the cosines of the angles which its direction makes 
with Ox, Oy and Oz (Fig. 212) are . es and : respectively, then 
the resolved parts are 


aH cos € along Ox, 
dH cos € along Oy, 
gH cos € along Ox. 
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In a similar way it may be shown that the athwartship force 
--Hf sin ¢ gives rise to three forces 


— bH sin € along Ox, 
— ell sin € along Oy, 
— hit sin along Oz, 
and that the vertical force Z gives rise to three forces 
‘ cL - along Ox, 
{Z along Oy, 
kZ along Oz. 
cy Gg . 
pt ee 
fe) 
+ 
Le] 
ae 
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Thus the effect of the induced magnetism in the soft iron of 
the ship has been resolved into nine forces, as shown below :— 


= 


Fore-and-Aft. Athwartships. Vertical. 
Dueto Heos¢ aH cos ¢ dH cos ¢ gH cos ¢ 
» » — Hsin ¢ —bH sin ¢ — eH sin ¢ —hH sin ¢ 
Z cZ <Z kZ 


bP 9 


304 


| Diagram showing the positions of the nine soft iron rods whichrepresent 
| the whole of the soft iron of a ship as regards its action on the compass. |' 


Eig, 213: 
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Therefore in a ship consisting of hard and soft iron the 
following forces act on the North-seeking (red) end of the 
compass needle :— 


Due to (1) H in the magnetic meridian. 
the earth. { (2) Z vertically downwards. 


(3) P+ aH cos € — bH sin €+ cZ in the fore-and- 
Due to aft line. 
the ship. ) (4) 9 + dH cos ( — eH sin € + fZ athwartships. 

(5) R+ gH cos € —hH sin €+ kZ to keel. 


In the last three expressions P, 9, and FR are constants— 
generally called constant parameters—which depend on the 
amount, arrangement, and permanent magnetism of the hard 
iron of the ship; similarly, a, 6, ¢, d, e, f, g, h, and k are con- 
stant parameters which depend on the amount, arrangement, 
and capacity for induction of the soft iron of the ship. 


When considering the various forces due to the hard and 
soft iron of the ship, it is often convenient to represent them 
by permanent magnets and soft iron rods, the effects of which 
are the same as the forces which they represent. Fig. 213 
shows the arrangement of the soft iron rods which correspond 
to the forces + aH, + bH, + cZ, &c.; the rod which has the 
same effect as — aH, for example, being named a — a rod as 
in the Figure. 


On examining the Figure it will be noticed that there is a 
great similarity between pairs: for example, the rods a and e are 
similarly situated with regard to the compass except that a is 
fore-and-aft and e athwartships. Similarly 6.and d° may be 
taken together as well as ¢ and f, and g and h. 


268. The horizontal forces at the compass when 
the ship heels.—When a ship heels the hard and soft iron 
are differently situated with regard to the compass, and the soft 
iron is differently situated with regard to the earth’s lines of 
force, so that the horizontal forces which act at the compass 
change when the ship is heeled. 

Let 7 be the angle of heel of the ship, and let it be con- 
sidered + or — according as thé ship heels. to starboard or 
port respectively. 

When the ship heels the fore-and-aft line Ox, Fig. 211, does 
not change, but the athwartship line, Oy, and the line to keel, 
Oz, take up new positions, Oy’, Oz’, as in Fig. 214. 

It was seen in the preceding article that the components 
of the earth’s force along Ox, Oy and Oz are H cos ¢, — H sin € 
and Z; when the ship heels, — H sin € has a component H 
sin ¢ sin 7 to keel and a component — H sin ¢ cos 7 along Oy’ ; 
Z has a component Z sin 7 along Oy’ and a component Z cos 7 
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to keel. Therefore, the total force to starboard along Oy’ is 
— H sin €cosz + Z sin 2, 
and the total force to keel along Oz’ 
Zcost-+ A sin € sin 1. 
Therefore the inducing forces are, 
along (Oa erglde Cosa 
along Oy’ — H sin €cost + Z sin 2 
and along Oz/ Zcosi1+ Hsin (sin 2. 


Fig. 214. 


Therefore the components of the forces which act on the 
North end of the compass needle in these three directions may 
be found by substituting —H sin ( cos 7+ Z sini, for —A sin €; 
and Z cost + H sin € sin 2, for Z, in the expressions given in 
the preceding article where the ship was supposed to be upright. 
The components are as showmw in Fig. 215, where it has been 
assumed that b = d = f = h = 0 and that the angle of heel 7 is 
so small that we may put sin 2 = 2, and cos2 = lI. 


Now, since the compass needle is constrained to move in the 
horizontal plane, we have to resolve the forces which act along 
Oy’ and Oz’ into their components along the horizontal line Oy 
and we find that the force along Oy is 


the original force — 2.9.H cos € + (eZ —kZ — FR). 
The force along Ox is 
the original force + 12.¢.H sin €. 
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269. The sub-permanent magnetism of a ship.— 
In the expressions given above it has been assumed that the 
iron of the ship is either hard or soft. Now there is a certain 
amount of iron, used in the construction of a ship, which 
is neither hard nor soft but of a character intermediate between 
the two. Such iron, after lying for some time in the direction 
of the lines of force of the earth, and after being subjected to the 
vibrations of the engines and the firing of heavy guns, becomes 
magnetised by percussion. When the direction of the ship’s 
head is changed the magnetism does not immediately disappear 
as in the case of soft iron, but suffers a gradual diminution 
which depends on the coercive force of the metal in question. 
Such magnetism is called sub-permanent magnetism and is 
generally small in amount. ‘Thin iron superstructures, particu- 
larly when near heavy guns, are very liable to be magnetised 
sub-permanently Owing to the transient nature of this kind of 
magnetism, its amount cannot be calculated and its effect 
cannot be allowed for. 
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HARTER A XV. 
THE MAGNETIC COMPASS—(continued). 


THE ANALYSIS AND CORRECTION OF THE 
DEVIATION. 


[270. The deviation of the compass.—In addition to 
the earth’s magnetism the compass needle is subjected to the 
influence of the permanent and induced-magnetism of the ship ; 
the effect is that the compass needle does not always lie in the 
magnetic meridian but generally to one or other side of it, and 
we have what is called deviation. Let us first examine the 
effect on a compass of a fore-and-aft permanent magnetic force 

Effect of +P 
Head North. No dev? 
Gain of Dir" Force. 


Head N.W. | Head N.E. 
n Nn 
DevoW vous Semicircular Curve 


Head West Head East 
Dev? W Dey? 


an 


Head S.W. Head SE, 
Dev?W. Dev®E 
N 
Head South.No Dey" — 
Loss of Dir’? Force. 
Hran cb: 


In Fig. 216 it will be seen that when the ship’s head is 
North, the force + P is acting with the earth’s force, and we 
have what is called a gain of directive force. When the ship 
is on an Easterly course the compass needle is deflected to the 
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Eastward, and we have Easterly deviation. When the ship’s 
fa head is south there isa 

North Mag‘Latitude ey loss of directive force, » 

Head Nor ee vporDieeferee @0n0 when she is on a 
Westerly course there 

is Westerly deviation. 
Thus the deviation, due 
to this permanent mag- 
netic force + P, changes 
with changes in the 


direction of the ship’s 
i eb, head, and changes its 
acre name when the ship’s 


Head West by Compass Head East by Compass 


Max" W. Deviation Waxt E-Deviste’., oead is. directed in 
No effect onQir’force No effect on Dirv*70rce. ‘ * : 1 

of opposite seml- circles. 

{ Such deviation is called 

semi-circular, and may 


b / Head South.CompassorMag® he represented by the 

NoGeviation Loss efl"r"tre"" abscissa of the curve 

Fie. 217. shown at the side of 

the Figure. 

In Fig. 217 is shown the effect of a + ¢ rod in the Northern 

hemisphere, where the induction in such a rod is to cause a 

blue pole before the compass. It will be seen that the effect is 

exactly similar to that of the permanent magnetic force + P 
which was described above. 


—erod. 
Head North. 
Rod unmagnetised 
Head N.W. Head N.E. 
Max. W. Dev.” Max.£.Dev” 
Quadrantal Curve 
. r due to—e rod. 
N 
b. 
Head W.Loss of Dir’ *Force. Head E. Lossof Dir*Sforce 
No Deviation No Deviation 
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Rod unmagnetised. 


Fig. 218. 
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In Fig. 218 is shown the effect of a — e rod. It will be 
seen that the effect of the induced magnetism in this rod is to 
cause a deviation of the compass when the ship is heading in 
any direction except a cardinal point, and that this deviation 
changes its name when the ship’s head is directed in adjacent 
quadrants. Such deviation is called quadrantal, and may be © 
represented by the abscisse of the curve shown at the side of 
the Figure. 

Similarly, figures could be drawn to show the effects of all the 
other forces mentioned in § 267. When these various forces 
co-exist, we see that the deviation of the compass varies 
considerably, both in amount and direction, with changes in the 
direction of the ship’s head. 


271. The principle of compass correction.—Owing 
to the large and varying values which the deviation may assume, 
great inconvenience would be caused by the necessity of 
applying it as a correction to every course steered or bearing 
taken ; and it 1s obvious that if we could so arrange matters 
that the compass needle always remained in the direction of 
magnetic North the use of the compass would be greatly 
simplified. Now in order that there may be no deviation, it is 
necessary to introduce forces which will exactly counteract the 
effect of the ship's magnetism. A reference to §267 shows that 
the magnitudes of some of the forces, which cause deviation, 
change with every change of magnetic course and with changes 
in the geographical position of the ship, and therefore the 
forces to be introduced must be of such a nature that they 
change in a similar manner to the changes in the ship’s 
magnetism, so that magnetism due to the hard iron of the 
ship must be counteracted by permanent magnets, and that 
due to the soft iron of the ship by soft iron  correctors. ~ 
It is obvious that the number and positions of such’ per- 
manent magnets and soft iron correctors must depend on 
the magnitudes and directions of the forces which they are 
intended to counteract; for this reason we have to ascertain 
what part of the deviation is due to each of the several forces, 
in order that each part of the deviation may be corrected by a 
force which produces a corresponding deviation of opposite 
sign. We shall now express the deviation in terms of the 
forces which cause it, and the compass course. 


272. The exact expression for the deviation of 
the compass.—Let € be the magnetic course measured from 
the magnetic meridian in an Hasterly direction, and let €’ be 
the compass course measured from the North point of the 
compass in a similar manner. Let 6 be the deviation, + or — 
according as it is East or West; then 6 = ¢ — @’, 

The various forces which act on the North point of the 
compass needle—to magnetic North, to head and to starboard 
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beam—are shown in Fig, 219 and the needle lies in the direction 
compass North under the action of these forces. 


Fic, 219. 


Since the needle is in equilibrium, the coniponents of the 
_ forces in a direction perpendicular to the needle balance one 
another ; therefore 
H sin 6 =(P+ aH cos (— dH sin (+ cZ) sin ¢ 
. + (Q+ dH cos (— eH sin (+ fZ) cos ¢' 
= (P +'cZ) sn ( + (Q +fZ) cos ¢’ 
+ aH cos ¢ sin ¢’— eH sin ¢ cos ¢ 
+ dHeos ¢cos ('—bH sin ¢sin ¢' 


Now 
cos ¢ sin ¢’ = 3 [sin (¢ + ¢’) — sin (¢— ¢')] 

= } [sin (2¢’ + 6) — sin 6] 

Similarly 
: sin (cos (== 4 [sin (2¢ + 8) + sin 6] 
cos (cos ¢’ = 4 [cos (2¢/ + 6) + cos 6] 
sin ¢ sin ( = 4 [cos 6 — cos (2¢'+ 4) ] 

Therefore 


H sin 6=(P +cZ) sin ( +(Q+4+fZ) cos ¢ 
a ae [sin (2¢ + 6) —sin 8] — ze [sin (2¢’.+ 6) + sin 6] 


+ UF (eos (2¢/+ 8) +008 8] — "A roos 8 — cos (2¢/-+8)] 


u 17415 Bb 


Art. 273. 362 
HT snl}: (Pe oF erate OQ uafZ) cont! 
+H () sin (2¢ + 8)— H eed sin 8 
aa H(2¢*) cos (2¢ + 8) + H bee) cos 8 
ae H(A & ee) a ss H(45? cos 8 + (P + cZ) sin U! 
+ (Q+12) 00s ¢ + H(“>*) sin 2’ +28) 


gee ; 
- H(?+?) coe (22t am 


Denoting 1 + awe by A, and dividing through by AH, 
we have 
EN Ok cade imeewny P.ely by ee ee 
sin 6 = H (45?) cos 8 + ( Nii ) sin ¢ + (SEP) cos ¢ 
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Denoting the coefficients on the right by 4’, B’, C’, D’ and EL’, 
we have 

sin 6=A' cos 6+ B’ sin (+C' cos (+ D' sin (2¢'+5)+£’ cos (2¢' +8) 

The right-hand side of this equation gives the sine of the 
deviation expressed nearly, though not wholly, in terms of the 
coefficients A’, B’, &c. (called the exact coefficients) and the 
compass course. 

In the Admiralty Manual for the Deviations of the Compass 
the exact coefficients are denoted by old English letters. 


273. The meaning of A.—We shal] now explain the 
meaning of the symbol), and as the force \H appears in each of 
the exact coefficients the symbol is of considerable importance. 

Let H' be the directive force on the compass needle in the 
direction of compass North, then the force acting on the 
compass needle in the direction of magnetic North is H’ cos 6. 

Since the directive force to magnetic North is given by 
resolving the various forces shown in Fig. 219 along the 
magnetic meridian, we have 

H' cosdé= H + (P + aH cos ¢(— bH sin ¢ 4+ cZ) cos ¢ 
— (Q+ dHcos (— eHsin( + fZ)sin ¢ 
= H+ (P+ cZ)cos(— (Q+f Z)sin¢ 
+ aH cos’ ¢ + eH sin? ¢— (d+ b) Hsin ¢ cos ¢ 
= H+(P+cZ) cos¢— (Q +fZ)sing +(“F ‘\a 
+ 0(25 8) cone (2) sna 
—=AH (1 + B'cos ¢— O'sin ¢ + D'cos2¢ — E'sin 2¢) 

Now this equation is true whatever the value of & so that, 
if we suppose the ship to be headed successively in every 
direction from 0° to 360°, and remember that the mean values 
of the trigonometrical ratios on the right are all zero, XH is the 
mean value of H’ cos 6; that is, XH is the mean directive force 


+#(S58 sin 2¢ +) +H (SEP 
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to magnetic North at the place in question. Therefore d is the 
ratio which the mean directive force to magnetic North at the 
compass needle bears to the earth’s horizontal force at the place 
in question. 

Since each of the exact coefficients varies inversely as \H we 
see that 6 roughly varies inversely as \H. For this reason the 
position selected for the compass should be such that the value 
of X is as large as possible. 

It is found that on board ship the forces aH and eH are 
always such as to reduce the directive force, and consequently 
\ is always less than unity. The value of \ at a well placed 
compass often exceeds °8, but at a badly placed compass it 
may be as small as °2. . | 

The value of \ does not alter appreciably in different parts 


of the world, but time and high temperature tend to shghtly 
increase it. 


274. The approximate expression for the devia- 
tion.—The form of the exact expression for the deviation, given 
in § 272, suggests that the deviation, when of only moderate 
amount, may be expressed in the simple and convenient form 

6=A+Bsin ('+Cocosl'’4+ Dsin2 C'+ Heos2 CL, 
where A, B, C, D and # are angles in degrees, and are called 
the approximate coefficients. 

If 6 is observed for various positions of the ship’s head, the 
approximate coefficients may be found more easily from the 
equation above, than can the exact coefficients from the exact 
expression for the deviation. Therefore, if we find the 
approximate coefficients from observation, it is necessary to 
find the connection between the approximate and exact co- 
efficients before we can ascertain the values of the various forces 
involved in the exact coefficients ; but, before doing so, we shall 
consider the component parts of the deviation as given by the 
approximate expression. 


275. The component parts of the deviation.— 
The deviation of the compass, as given by the approximate 
expression, consists of five terms, as follows :— 

re which is independent of the +s -B 
compass course and is called \\ : 
the constant deviation. 

3 sin ¢’, which is a maximum, + or —, 
when the ship’s head is Kast 
or West, and vanishes when 
the ship’s head is North or # S 
South. 

This part of the deviation is" 
given by the abscissee of the | 1 
curves shown in Fig. 220, 
and, as it changes its name 
in opposite semicircles, it is “% 6 tas 
Saber ae Big. 220, 
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C cos ¢', which is a maximum, + or —, when the ship’s head 
is North or South, and vanishes when the ship’s 
head is Kast or West. 

This part of the deviation is *% Be 
given by the abscisse of the 
curves shown in Fig. 221, and 
is also called semicircular. : J 
The two parts B sin ¢/ and Ceosl’ 
constitute the semicircular 
deviation of the compass, and | js 
the combination of the curves, 
(Figs. 220 and 221) gives the > 


curve for the semicircular N is 
deviation; this curve is of 
similar form, but itsmaximum |, i 


and minimum  abscisse do 
not, in general, occur at the Fig 221, 
cardinal points. 3 

D sin 2¢', which is a maximum when 
the ship’s head is on either of 
the inter-cardinal points, and 
vanisheson the cardinal points. 

This part of the deviation is 
given by the abscissz of the 
curves shown in Fig. 222, and 
as it changes its name in 
adjacent quadrants, is called 
quadrantal. 

E cos 2¢', which is a maximum when the 
ship’s head is on either of the 
cardinal points, and vanishes 
on the intercardinal points. 

This part of the deviation is 
given by the abscissz of the 
curves shown in Fig. 223, and 
is also called quadrantal. 

The two parts D sin 22’ and 
Ecos 2C' constitute the quad- 
rantal deviation of the compass, 
and the combination of the 
two curves (Figs. 222 and 223) 
gives a curve for the quad- 
rantal deviation which is of a 
similar form. 

‘The total quadrantal deviation D sin 2¢' 

+ EH cos 2£ may be expressed in the 


form /D? + EH? sin (2¢’ + 2M), where tan 2M = Therefore 


the maximum value of the quadrantal deviation is »/D? + E”. 
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276. Relations between the exact and approxi- 
mate coefficients.—If, in the exact expression for the devia- 
tion, we put sin 6 = 6 and cos 6 = I, we have 

6= A'4+ Bsin + C’ cos 0+ D' sin 2¢/ + E’ cos 2¢/ 
+ 8[D' cos 2¢' — EF’ sin 2¢"]. 
Therefore 
§=(A’ + B' sin (+ C’ cos (+ D' sin 2¢ 
+ EH’ cos 2¢’) (1 — D’ cos 2¢ 4+ EH’ sin 2¢')-!. 


As will be understood later, the coefficients A’ and EH’ are 
always small compared with B’, C’ and D’, so that we may 
consider B’, C’, D’ to be small quantities of the first order and 
A’, HE’ to be small quantities of the second order. Retaining 
small quantities of the second order only, we have 

§=A'4+ B’ sin (+ C’ cos (+ D' sin 2¢' + # cos 2¢' 
17) Al iP) 


B'D 
+ “5 (sin 8¢/ — sin () + “5° (cos 8¢/ + cos 1) —y- sin 4¢/ + ete. 


On comparing the coefficients in this equation with those 
of the approximate expression, we have 


A 
A! == ne = sin A, 
BoD, aB 
Le eas = {80 = sin B, 
CLD pear C. : 
C' + “9 = [R09 == sin @; 
D 
Dd’ —— ea a sin D, 
EH 
My eee ta = sin ZH. 
From which it follows that 
Al = gin A; 
‘De sine), 
gi es sin E, 
15) tae a i = sin B (1+ 43 sin D), 
LEO: 
c= vs = sin Oj(1 — 3 sin D). 
l+>5 


More exact relations can be found, but these are sufficiently 
accurate in practice when the approximate coefficients lo not 
exceed 10°, 


277. To find the approximate coefficients from 
observation.—If the deviation of the compass is observed with 
the ship’s head in various directions the approximate coeffi- 
cients may be found from a short analysis of the deviation table. 

Wet On tone, On. ako & be the deviations observed with 
the ship’s head successively on the eight-compass courses 
N., N.E., E., ... ., then from the approximate expression for 
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the deviation, namely— 


Sala ines C’+Ccos('+ Dsin 2¢' + EF cos 20’ 


we have 


Course | cH | 0) =A-+ Bsin (+ Ccos¢ + D sin 2¢ + Ecos 2¢ 
N. 0° oe =A +C +H 
NAG 45 1 OMe Cites Ba C 
i 90 by =A+B ; —EH 
S.B. | 135 ELBA a 
Seka A ai /9, " vo D 
S 180 b. 4 = mT 3 
Sw. | 225 | 3 Hol Cane eee D 
S.W VJ? V/9 n 
W 270 re —A—B —H 
N.W. | 315 Ey pia C erry 
. N.W. We Ts 


' By addition 
pl == On + Darel + yp is) Sipe od +- One 
so that A is the mean of the deviations for the eight compass 
COULSeS. 

By subtracting the deviation for West from that for Kast, 


we have 
2B = oy — dy, 


20 = dy, — Os. 
By adding the deviations on the four intercardinal points, 
the signs of the deviations on 8.E. and N.W. being changed, 


we have 

4D = dyn — Osn, + Ogw. — Syew. 
Similarly by adding the deviations on the four cardinal points, 
the signs of the deviations on Kast and West being changed, we 


have 
Aes One One Th Cah Ts Cu, 

It should be remembered that we have named Easterly 
deviation + and Westerly deviation — ; therefore, when using 
these algebraical signs, the signs of the coefficients are given by 
the equations, 

The method of obtaining the approximate coefficients just 
given is called a rough analysis; a more exact method is given 
in the Admiralty Manual for the Deviations of the Conipass. 

As an example, let us find the approximate coefficients from 

the following obser ved deviations : — 


In a similar manner 


Ship’s head. | Deviation. | Ship's head, Deviation. 
N. Pee ras: S. 2° W. 
N.E. 3 EK. S.W. 3 i. 

E. Nil. W. AE. 
S.H. DU Ws. 2s N.W. 1 50’ E 
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We have from above :— 


{ es ra oo Os Sree FOL gol 4S. FG a 
a ee midi at 
way 40 
Pee 9 
° 
ee Ty 3° 
3° + 3° 50! + 38° — 1° 50’ 
eS 50 4 win fo 
ee ae 


Therefore the’ deviation for any compass course is given 
approximately by 


6 = + 1° — 2 sin 2’ + 2° cos f’ + 2° sin 2¢’ — 1° cos 2¢’. 


278. To find the exact coefficients.:-—When the approxi- 
mate coefficients have been found by the method of rough 
analysis or otherwise, the exact coefficients may be found from 

the relations given in § 276. In the example above, we have 
een Aer 1° — +’ 017. 
B' =sin B (1 + 4 sin D) = sin (— 2°) (1+ 4 sin 2°). 
De Pin ogn (ia io-01 75) 5036: 
Cc’ = sin C (1'— 3 sin D) = sin 2° (1 — $ sin 2°). 
= 035 (1 — :0175) = + :034, 
ead) = sin 2°, = +- +035. 
H! = sin H = sin (— 1°) = — ‘017. 


279. The correction of coefficient B’. 
aie A oheSF eae eC 
Wal PR a eee Pte 

From this formula we see that that part of the deviation, 
which is represented by the second term of the exact expression, 
arises from the fore-and-aft forces, P, due to the fore and aft 
component of the ship’s permanent magnetism, and ¢cZ, due to 
tle fore-and-aft component of the induced magnetism due to Z, 
and represented by a ¢ rod. 

In order to counteract the effects of these two forces it is 
necessary to correct like with lke, and to place at the compass 
a fore-and-aft permanent magnet which has an equal and 
opposite effect to P, and to place before or abaft the compass a 
rod of vertical soft iron the induction in which has an equal and 
opposite effect to eZ: To do this we must find P and c¢Z. 


Let B,’ and B,' be the exact coefficients at two places where 
the earth’s horizontal and vertical forces are H,, Z, and I/,, Z, 
respectively, then from above we have— 

P+ cZ, = \ OB,’ 
Ber 6 Ae. VN Hgl 
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provided that nothing has been done between the two observa- 
tions, such as moving the magnets, to alter the value of P. From 
these equations P and ¢ may be easily found. 


Screwed on to the binnacle is a brass case, in which can be 
placed a rod of soft iron, three inches in diameter and of the 
necessary length, to correct the effect of cZ. This rod is, in 
effect, a c rod of opposite sign to the ¢ rod which represents the 
component of the induced magnetism under consideration. This 
soft iron corrector is called a Flinders bar, and is supplied in 
the following lengths—12, 6, 3, 1$ ins. and two lengths of 
* in., so that the greatest length that can be used is 24 ins. 

In the Admiralty Manual for the Deviations of the Compass, 
Table V. gives the lengths of Flinders bar for values of ¢ from 
‘Ol to ‘16, and also the amount of the deviation caused by these 
lengths at a compass on shore in the South of England, where 


the value of is is2°33. Thelength of Flinders bar used should 


be placed in the tube in such a manner that the longest portion 
is uppermost, and the upper pole, which is about one-twelfth 
of the length of the bar from the extremity, is on a level with 
the compass needles; the latter is effected by placing pieces of 
wood of requisite length at the bottom of the tube. 


It is obvious that if cZ has been counteracted by a correct 
length of Flinders bar it will always remain so whatever part 
of the world the ship may be in, because the force which induces 
magnetism in the ship is also that which induces magnetism in 
the Flinders bar. We see from this the importance of correctly 
placing the Flinders bar. 

The finding of ¢ requires two values of B’ which correspond 
to different magnetic latitudes ; when it is impossible for a ship 
to change her magnetic latitude, the value of ¢ is estimated by 
comparison with the values obtained in other ships of the same 
class. A suitable length of Flinders bar is then inserted, and 
the remainder of the deviation, with the ship’s head East or 
West, is corrected by permanent magnets placed in the fore-and- 
aft direction. 


If B’ is obtained by observation when the ship is on the 
magnetic equator the whole of B’ is due to a because Z is 
zero; in this case the whole of the deviation, with the ship’s 
head East or West, should be corrected by permanent magnets. 
If a change of deviation subsequently occurs on change of 
magnetic latitude it is due to the Flinders bar being incorrect. 


Hxample :—In 1912, the value of B’ for the standard com- 
pass of a ship was found by observation at Plymouth and 
Zanzibar to be +°141 and +°193 respectively. The value 
of \ for the compass was ‘9 and there was a 12-inch Flinders 
bar in place on the fore side of the binnacle. Required to 
correct the coefficient B’. 
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From the charts of equal horizontal and vertical force, we 
find that— : 


at Plymouth, 7, = °190 dynes, Z, 
eeansibar. a, = 290", Z,, 


From the equations above we have— 
Pee. 5425e,= 99 < 190.—% p14) 's..0241 
eet 1 O67 = 14 5.2905 Ko 19314 4.0504. 


"425 dynes. 
—°210 ,, 


| if 


By subtraction, ‘635¢ = — °0263 
0263 ; 
SS craig erie gi O41. 


Now this value of ¢ ( — '041) consists of the ¢ due to the ship, 
and that due to the 12-inch Flinders bar which is already in 
place. From Table V. of the Admiralty Manual we see that a 
12-inch Flinders bar, on the fore side of the binnacle, corrects 
ae which is —°05, so that this length of Flinders bar is 
equivalent to ac rod of +°05. Therefore 

eofship + ‘05 = —-O4I; 

cof ship = — 091. 
From Table V. we find that, corresponding to — ‘O91, a length 
16°3 inches of Flinders bar is required on the fore side of the 
binnacle. 
Length of Flinders bar required - - ]6°3 inches. 
4 is jjolrcady in piace wl: Osa 


3 4) , tobeadded - 4°3 " 


The nearest length to this, which can be made up from the 
lengths supplied, is 43 inches. 


In practice the value of P is not found, but the remainder of 
the deviation, when the ship’s head is Kast or West, is corrected 
by fore-and-aft permanent magnets. How to place these 
magnets in the binnacle is easily determined by noting in 
which direction, whether forward or aft, the North point of the 
needle should move, and by placing one (or more) of the 
‘corrector magnets (all of which are coloured red and blue) with 
its blue end in that direction, till the deviation vanishes. 


280. The correction of coefficient 0’. 
sais Ce Sa ae 
ee ar) Ee 

From this formula we see that that ae ihe the deviation, 
which is represented by the third term of the exact expression, 
arises from the athwartship forces, Y, due to the athwartship 
component of the ship’s permanent magnetism, and fZ, due to 
the athwartship component of the induced magnetism due to Z 
and represented by an f rod. 


At a well-placed compass in the midship line f is generally 
zero, and therefore C’ is generally due to Q alone, and may be 
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counteracted by placing an athwartship permanent magnet (or 
magnets) beneath the compass. 

() has its maximum effect when the ship’s head is North or 
South, and therefore if the deviation is corrected by athwartship 
permanent magnets, when the ship’s head is in either of these 
directions, the effect of Y is counteracted. . 

How to place the magnets in the binnacle is easily determined 
by noting in which direction, starboard or port, the North point 
of the compass needle should move, and by placing one (or more) 
of the corrector magnets, as necessary, with its blue end in that 
direction, till the deviation vanishes. 

To summarise the rules given for counteracting the effects 
of P and Q, assuming that the Flinders bar has been correctly 
placed :---with the ship’s head on any cardinal point, insert 
permanent magnets, as necessary, at right angles to the com- 
pass needle, and with their blue ends in that direction in which 
the North end of the compass needle should move; repeat the 
operation on an adjacent cardinal point. 


281. The correction of coefficient D’ :—- 
j a-e\ a-e 
he ee ( yal an 

From this formula we see that the deviation, represented by the 
fourth term of the exact expression, 1s due to the difference 
between the component in a _ fore-and-aft direction of the 
induced magnetism (represented by an a rod), and the com- 
ponent in an athwartship direction of the induced magnetism 
(represented by an e rod). 

On board ship it is invariably found that these components 
are represented by — a and —e rods, and that the numerical 
value of e is considerably greater than that of a; we there- 
fore see that D’ is always positive. 

To counteract the effects of — eH and — aH, soft iron spheres, 
called quadrantal correctors, are placed one on either side of 
the compass in the athwartship line, their centres being in the 
plane of the compass needles (§ 283). The spheres are hollow 
and their thickness is about one inch. Fig. 224 shows how the 
effect of the spheres counteracts the combined effects of the -- e 
and —a rods. 

From the formula, we see that D’, or sin D, is the same 
in every part of the world, and therefore, if the soft iron spheres 
are so placed as to exactly counteract the effects of the — e and 
—a rods, this coefficient will be correct in all parts of the 
world. 

Table IV. of the Admiralty Manual gives the sizes and 
positions of spheres required to correct various values of D 
in different typesof compasses. To correct coefficient D’ at a 
particular compass, enter the table for that compass with 
the value of D, found by observations of the deviations on the 
intercardinal points ($ 277), and find the size of the spheres 
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and the distance from the side of the binnacle at which they 
should be placed. 

When D’ has once been eel it will remain so in all 
parts of the world, but this is only true if the compass needles 
are so short, and their magnetism so weak, that they produce no 
sensible Peaetion in the spheres (§ 284). 

It will be seen from the formula that D’ is closely connected 
with 4, and therefore if D’ is found to change from any cause, 
a change in \ may be expected. 

As the deviation due to D’ is quadrantal—-that is to say, 
changes its sign in adjacent quadrants—the total deviation, if 
PD is uncorrected, must vary considerably for smal) alterations 
of course, and thus we see the great necessity for the spheres 


N 
A 
NW Curve of Dev"® = Curve of Dev”® 
NG duetoSpheres dueto—e&-a@ 
a f ‘) N N 


Sw SE 


Token croc 


being placed in position as accurately as possible. In the case 
of a new ship an estimation must be made of the value of D, 
and spheres placed accordingly. If, when observations have 
been taken on the intercardinal points, D is found to be zero, 
it is obvious that the estimation has been correctly made; but 
if an appreciable value of D is obtained the spheres require 
readjustment, as will be understood from the following example. 


Hxample :—Spheres, 8} inches in diameter, have been placed 
on a Chetwynd compass (Patt. 22), the distance between the 
surface of either and the centre of the compass being 9 inches. 
The following deviations have been found by observation :— 


Ship’s head - N.E. Deviation 2° 15’ W. 
:, - SE. . 0 30 W. 

y - §.W. ¥ 0 45 W. 

- N.W SOOT: 
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Required to correct coefficient D’. 
From (§ 276) 
SL hee OBO ea) 45) See 


D 4 


OT SEO 


From Table IV. of the Admiralty Manual we find that the 
spheres, as placed, correct a D of 6°30’, or cause a — D of 6°30’. 


Thus we have 


D obtained by observation - — 1° 30! 
D introduced by spheres - — 6 30 
Original D of the ship - - +5 00 


By reference to Table [V. we find that 83-inch spheres at 
a distance of 10 inches from the compass, or 7-inch spheres at 
a distance of 9 inches, correct this value of D. Consequently, 
either the spheres at present in place must be moved outwards 
one inch, or they must be replaced by 7-inch spheres at a 
distance of 9 inches. 


282. The correction of coefficient LH’. 


Hike d+b\ d+b 
hr H 2H ) PAN 

From the formula we see that the deviation, represented by the 
fifth term of the exact expression, is due to the sum of the 
component in a fore-and-aft direction of the induced magnetism 
(represented by a d rod), and the component in an athwartship 
direction of the induced magnetism (represented by a b rod). 

It is very unusual for d or 6 to have any appreciable value at 
a well placed compass, but if #’ is found to exist, it should be 
corrected, in conjunction with D’, as explained in § 283, by 
placing the spheres at an angle M to the athwartship line, the 
angle being determined by 

H 
| tan 2M D 

When # is + the port sphere should be forward, and when — 
the starboard sphere should be forward. 

Jn order to determine the size of the spheres required and the 
- distance of either from the compass, Table LV. of the Admiralty 
Manual should be entered with the maximum quadrantal 
deviation, namely 


J/D? 4 BE (8 275). 


283. The correction of the total quadrantal devi- 
ation.—In Fig. 225, let Ox and Oy be the fore-and-aft and 
athwartship lines of a ship, and let us consider the forces acting 
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ata compass at 0, due to the induction in a soft iron sphere of 
radius p, ata distance r from the compass, and at an angle M 
before the port beam. 


iawmo 25: 


The inducing forces on the sphere are H cos € and — H sin € 
parallel to Ox and Oy respectively, and these cause the sphere to 
be equivalent to two magnets of pole strengths ap’H cos ¢ and 
— apH sin ¢ where a is a constant depending on the nature of 
the soft iron of the sphere. By § 253 the forces acting at the 
compass due to these two magnets are as follows :— 


Due to Force along Ow. Force along Oy. 
3 3 
ap*H cos ¢ ee (1 — 3 cos 2 M) shea 3 sin 2M 
; a 3H si 
— ap’H sin ¢ oP ae 3 sin 2M aie Hem 1 4 3 cos 2M). 


If there are two spheres, as in the Figure, the forces 
along Ox and Oy are twice those just given, and the total 
force along Ox is 


<C 3 
ae [(1 — 8 cos 28) cos £ ++ 3 sin 2M sin £] 
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and the total force along Oy is 


3 
ii ee [3 sin 2M cos £ + (1 + 3 cos 2M) sin c| 
Comparing these forces along Ow and Oy with those due to the 
induced magnetism in the soft iron of the ship ($ 267), we have, 
if a’, b’, d’, e’ are the parameters for the spheres corre- 
sponding to a, b, d, e for the ship, 


¢ 3 
ei, aut (1 — 3 cos 2M), 
3 
yo ae (1 + 3 cos 2M), 
re) 
badi= — ae 3 sin 2M. 


Also, if \’ corresponds to A, we have 


2 cm 
Now the quadrantal terms due to the spheres are 
a—e , b’ + d’ 
Lees sin We ahs NR NV ae COS ry 


and, substituting from above, these become 


| cos 2M sin 2¢/ + sin 24 cos 28 


yf a ee ee ee 


Gap” 

aN 

Therefore, if the spheres correct the quadrantal terms due to 
the ship, namely 


D’ sin 2¢' + EH’ cos 20’, 


ap 
we have = We cos 2M = —D’ 
ity sae Maree 
and — se ahaa) Mee 99 2) 


From these two equations we can find at what angle with 
the athwartship line the spheres should be placed, and the 
distance of either from the compass. 


By division, we have 


1/ 
tan zie a 
is T 
on sin a Bie. 180 
sin. a 7 
dD pt DRE. 
*T80 
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If B =0 then M =O, and the spheres should be placed 
-athwartships. If H is negative the port sphere should be placed 
abaft the beam. | 

Again, by squaring and adding, we have 


(5) ai. dD” 3 BH” 


Ve 
Therefore, substituting for Nw e have 


3 
p 
6a “8 


A mtalPAecae ~ | 
mae 
Z 


is / a a yal 
T onc tp 5 
' TSG Ne ae 
and when H = 0 
” 3 / 2 
180 


The equation shows that for a given maximum quadrantal 
deviation (/ D? + #”), anda given kind of soft iron (a), the ratio 
of the distance of either sphere to its radius can be calculated. 
This, however, is not done in practice on account of the induc-’ 
tion in the spheres by the compass needles, and ‘T'able IV. of 
the Admiralty Manual has been constructed from the results of 
experiments with various types of compasses. 


We may here notice the effect of induction in the Flinders 
bar by the earth’s horizontal force. This bar, having an appre- 
ciable diameter (3 inches), may be considered to behave in the 
same way as a soft iron sphere, and, M being 90° or 270° in 


this case, the quadrantal terms, due to the equivalent sphere, 
reduce to 


which corresponds to a + D. For this reason, as well as for 
others ($$ 284 and 296), the coefficient D should be re-deter- 
mined and the spheres moved, as necessary, whenever the 
length of the Flinders bar is altered. i 


284. The induction in the soft iron correctors 
due to the compass needles.—<As stated in § 281, the 
quadrantal deviation, if properly corrected by the spheres, 
remains correct in all magnetic latitudes, provided that no appre- 
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ciable magnetism is induced in the spheres by the compass 
needles. If F' be the force at the compass, due to the magnetism 
induced in the spheres by the needles, when the compass course 
is ¢’, and if the spheres are in the athwartship line, the quad- 
rantal terms of the deviation due to the spheres reduce to 


Bes 
. Ste + sin 2¢', nearly 
ete ae Pf 
— 2 i eee See / 
> tn Camels ayy Sih 2G 


the second term of which changes as the ship changes her 
magnetic latitude. For this reason, when long and powerful 
compass needles are employed, a change in the quadrantal 
deviation may be expected on change of magnetic latitude. 

The effect of this induction can be seen by examining 
Table IV. If the needles of the Thomson compass, (in binnacle 
Patt. 48a), are so short and weak as to have no effect on the 
spheres, the table for this compass only gives the effect of 
the induction of the earth in the spheres ; for example, 12-inch 
spheres at a distance 14°5 inches (from centre of compass to 
centre of sphere), cause or correct 10° 36’ of quadrantal deviation, 
whereas in the Chetwynd compass (Patt. 22a) the same spheres, 
at the same distance, cause or correct 12° 15’; thus the effect of 
the induction by the needles in England, where H = ‘184 
dynes, is to cause or correct 1° 39". 

In a similar manner the compass needles induce magnetism 
in the Flinders bar, the effect being to accentuate the value of 
D and cause it to change with change of magnetic latitude. 
This effect, combined with that due to the earth’s horizontal 
force (§ 283), was found to introduce a D of + 1° 40’ when 
11+ inches of Flinders bar was placed Lefore a compass, the 
D of which had previously been exactly corrected. 


285. The coefficient A’.— 
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The coefficient A’ represents the constant deviation and, 
since d and 6 are seldom found to have any value at a well 
placed compass, it is unusual at such a compass for A’ to have 
any value. It is impracticable to counteract A’, but when it 
exists at a steering compass, it may be allowed for, as far as the 
course alone is concerned, by altering the lubber’s point. 


286. To obtain \ by observation.—In order to obtain 
the value of \ at a particular compass, the value of H’ (the 
directive force to compass North) must be observed for a par- 
ticular direction of the ship’s head, and this is done by timing 
the oscillations of a horizontal needle as explained in § 265. 
The instrument employed consists of a flat highly magnetised 
needle, three inches long, mounted in a circular box with a 
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glass lid. The method of taking the observations is as 
follows :—take the instrument on-shore and set it up in a 
place free from local attraction and sufficiently far removed from 
possible magnetic influences. Deflect the needle from the 
magnetic meridian by means of a magnet and allow it to 
oscillate. When the whole arc described by the needle is about 
40°, note the instant when the North-seeking end (marked) has | 
reached the extreme deflection on the right, and subsequently 
note the instant of every tenth oscillation, till the needle has 
nearly come to rest. The mean of the intervals occupied in ten 
oscillations is 7’ ($ 265). Take the instrument on board and, 
having obtained the exact coefficients from the observed devia- 
tions, unship the compass bowl and place the instrument in 
the binnacle, so that its centre is in the position originally 
occupied by the centre of the system of compass needles ; 
repeat the observation as on shore, and thus obtain the value of 
T’ for the particular direction in which the ship’s head happens 
to be. Then from § 265 we have 


H! 7 
H 7 T 
and A may be obtained from the formula (§ 273)— 
em) fT’ cos 6 ) 
Pal come— Oisin 61D" \cos 26 — EH! sin 2¢ 


It is advisable to repeat the operation for three or four 
different directions of the ship’s head, and to take the mean of 
the results. 

Should observations be taken on four equidistant points, A 
H’ cos 8 

7 

Hxample :—It is required to find the value of for the 
compass, the deviation table for which is given in § 15, and the 
exact coefficients for which have been found in § 278. The 
time of ten oscillations of the needle on shore is 18°2 seconds, 
and the time of ten oscillations of the needle on board, with the 
ship’s head N. 673° E. (compass), is 20°2 seconds. 

Here T = 18°2 seconds and T’ = 20°2 seconds. 

From the table ($ 15) the deviation (6) is 2° H. and therefore 
the magnetic course (f) is N. 694° L. 


is the mean of the four values of 


Now ee : 8 AS Se COs 6 Ps ee Seth, 
= pry + B’ cos ¢— C'sin ¢+ D' cos 2¢— E’ sin 2¢ 


ma iol cos 2° 
Peano G — ‘036 cos 694°— ‘034 sin 694°+ +035 cos 139°+ -017 sin a) 
sui 331:°24 cos 2° 
~ 408°04 (1 —-9126 — -0318 —-0264 + -0111) 
__  331°24 cos 2° 
— 4.08 °04 x +9403 
= °863. 
Therefore the required value of \ is 863. 
u 17415 Ca 
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287. The effect of spheres on \ and the formula for 
d,.-In Fig. 224, it will be seen that the effect of the spheres is 
to increase the directive force on the compass when the ship’s 
head is East or West, and to decrease it when the ship’s head 
is North or South, and therefore placing the spheres on the 
compass has almost always the effect of altering the mean 
directive force, or of altering X. 


The new value of ) is denoted by dy, the formula for whith 
will now be obtained. 

Let a’ and e’ be the values of a and e due to the spheres 
alone. Let a,, ¢ and A, be the values of a, e and X after 
the spheres have been placed. 

The fore-and-aft forces which induce magnetism in the 
spheres are 

H cos € due to the earth’s magnetism. 
aH cos € due to the magnetism induced in the ship. 

Therefore the fore-and-aft force which induces magnetism 
in the spheres is | 
H cos € + aH cos £. 

The fore-and-aft force at the compass, due to the magnetism 
induced in the spheres by this force, is 

a'(H cos € + aH cos €). 

But, due to the inducing force H cos ¢ on the Bis and 

spheres, the fore-and-aft force is 


a,lZ cos €. 
Therefore | 
a,H cos € = aH cos € + a! (H cos £+ aH cos 0), 
or d,=a+a'(1+a). 
Similarly ég=ete’ (1+e). 


Now by § 283 
a’ __1—8 cos 2M. 
e’ 1+8 cos 2M, 


therefore 
dy—a _ (1--8 cos 2M) (1+a) 
eé,—e  (1+3 cos 2M) (1+e) 
Again, since D! has been corrected, a, = e, and 
therefore 
A, = 1+a, or 1+e, 


Therefore 
Ay—(1+a) _ (1—8 cos 2M) (1+a) 


h,—(1+e) © (1+3 cos 2M) (1+e) 
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Therefore, by addition and subtraction, we have 
Pw = NT D") 
and Igshie = Nh i D"). 
Therefore. 7 
A,-A(1+D’) — (1--3 cos 2M) (1+D’) 
aD) 


(1+3 cos 2M) (1—D’) 

2) rf +3 cos 2M) (1—D’)+(1 -3 cos 2M) +d") | 

iy Af+3 cos 2M) (1—D") — (1-3 cos 2M) (1 zie) 
_ 38d cos 2 M (1—D”) 


‘ 3 cos 2 M—D! 
When M =0, we have 
irae aN?) 
| aa iy 
From this formula it may be seen that dX, is greater than X 
provided D’ is less than 3, which is generally the case. 


288. The effect of sub-permanent magnetism.— 
The most marked effect of sub-permanent magnetism is 
experienced when the ship, having been on one course for a 
considerable time, particularly in rough weather, alters to a 
direction at right angles to her original course ; for example, if 
a ship has been steaming Hast, the athwartship iron, the 
character of which is intermediate between hard and _ soft, 
becomes magnetised as shown in Fig. 226. 


Fig. 226. | 
When the ship has altered course to North it will be seen 
that the sub-permanent magnetism remaining in this iron 
causes an Easterly deviation, which gradually disappears. If 
we were to consider other cases it would be found that the 


GG 2 
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effect of sub-permanent magnetism is to attract the North end 
of the needle in the direction of the old course, and the 
possibility of this effect should be carefully guarded against by 
taking frequent observations for deviation. Suppose a ship 
were bound from England to Gibraltar; whilst crossing the 
Bay of Biscay and proceeding down the coast of Portugal the 
course would be more or less Southerly ; but on altering course 
to the Eastward, to round Cape St. Vincent, an Easterly deviation 
would be caused, due to sub-permanent magnetism, and, if 
unallowed for, might result in the ship steering more to the 
Southward than desired. 


289. The effect of lightning.—When a ship is struck 
by lightning, large changes take place in her magnetism, in 
some cases of sufficient magnitude to completely reverse the 
original magnetism. The change experienced in the deviation 
is generally a maximum when the ship’s head is North or 
South, and consequently the most common effect of lightning is 
an alteration of the coefficient C’. The magnetism thus super- 
imposed is generally sub-permanent; it gradually disappears, 
and the ship regains her original magnetic condition in a few 
months. 


290. The expression for the deviation when the 
ship heels.—When the ship heels the horizontal forces 
($ 268) which act on the North point of the compass needle— 
to magnetic North, to head and to starboard heam—are shown 
in Fig. 227, and the needle lies in the direction of compass 
North under the action of these forces. Let 6’ be the deviation. 

Since the needle is in equilibrium, the components of the 
forces in a direction perpendicular to the needle balance one 
another ; therefore 


H sin &' = (P+ aH cos (+ cZ) sin ( + (Q—eH sin ¢) cos 0 
+ icH sin ¢ sin ¢ — tgH cos ¢ cos ¢/ + 7 (eZ —kZ— R) cos ¢ 


= (P+ cZ) sin? + Q cos (+ aH cos ¢ sin ( — eH sin ¢ cos (’ 
+ icH sin ¢ sin ¢' — tgH cos (cos ( + 7Z (« —k— ;) cos ¢ 
Therefore, remembering that €=C’ + 6’, we have, as in 
§ 2972 — 
AH sin! = (P+ cZ) sin ( + Qeos (+H (“") sin (2¢' + 8’) 
+icH (sin ¢ cos 6’+cos ¢' sin &’) sin (/—7gH (cos ¢ cos 8/—sin ¢' sin 8’) cos 0 
ft 
, Bn 1 Sa ! 
+7Z (« k a) cos ¢ 
Now if 6’ is so small that we may put sin 6’ = 6’, and 
COSLOM al and neglect the product 16’, we have 
i= B' sin (+ Me cos (+ a sin (2¢' + 6’) 
Z R 
ex x « sin? ¢ — T cos C+ +5 ek 7 eos C 
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Again, if 6 is the deviation for a given compass course €’ 
when the ship is upright, we have, by putting 7 = 0 
6= B' sin ¢ + C' cos (+ D' sin (2¢' + 6). 


Therefore 
Vie : LL R 
os + - ST Ge a cos*¢’ + i (« —k— 7; eos ¢. 
If we assume that the Flinders bar has been. correctly placed 


merce 3 
the expression — sin’@’ vanishes, and the change in the 


nN 
deviation (6’ -- §)° for an angle of heel 2° is 


AES t 
‘ bea (« Beng a cos ¢! —<-cos? ¢| degrees. 
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Therefore, denoting k + by #@!— 1, the change in the 


deviation due to an angle of heel of 1° is 


Z 
str he, ~4ipei 4-1) cos ¢/ -! cos’ | degrees. 
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The coefficient of cos Z’ is called the heeling coefficient, and 


is denoted by J; therefore the change in the deviation due to : 
an angle of heel of 1° is : 


| J cos (/ — cos ” (| degrees. 


291. The meaning of ».—From § 267, if Z’ is the total 
vertical force acting at the compass when the ship is upright, 
we have on the assumption that h = 0, 

Z’=LZ+R+kZ + gH cos ¢ 
and this is true whatever be the value of ¢. Therefore, if we 
suppose the ship to be headed successively in every direction 


from 0° to 360°, we have, since the mean value of the trigono- 
metrical ratio on the right is zero 


mean value of Z' =Z+R+kZ. 
=f (1 +h + Z) 
= pZ. 
Therefore is the ratio of the mean vertical force at the 
compass at any place to the vertical force of the earth at that 
place, that is 
__mean value of Z' 


Me Z 


292. The correction of the heeling coefficient -/. 
—The expression, which has been found in § 290 for the 
change in the deviation due to an angle of heel of 1°, contains 


two coefficients, J and — J Tt is impracticable to counteract 


d 
the force — gH, so that the correction of the deviation due to 
the heel is reduced to making J =0. 
Z 
N J] pe ae 
me Noa gto d) 


and from § 287 
ee HMR Sap 


Z 
Therefore i NCH E Clecee Be Roc ral 
Therefore iat <6} oui 
Be = d(1-D’) 
that 1s, if 


__mean value of Z’ _ » (1—D’). 
Z 


Therefore the mean vertical force at the compass must be so 
altered that its value becomes \ (1—D’) Z. If the spheres have 
been placed, and the altered values of \ and D’ are \, and D’, 
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respectively, the mean vertical teh at the compass must she 


altered to X, (1—D’,) Z. 


293. The heeling error instrument.—In order to 
determine the number and positions of the vertical magnets 
required for the correction of the heeling error—that is, the 
amount of vertical permanent magnetism that must be added 
at the compass so that the mean vertical force may be 
(1 — D’,)Z—an instrument called the heeling error instru- 
ment is employed, and one of these is supplied to each of 
H.M. Ships. 

The heeling error instrument, Fig. 228, consists of a circular 
flat-sided brass case aa, provided with a stand b, and a chain ¢ 
for suspending it when neces- 
sary. One of the sides is of 
glass and hinged at the bottom 
so as to form the door of the 
instrument, and on this glass 
door a horizontal diameter dd 
is marked. 

Inside the case are brass 
bearers, capable of being raised 
or lowered by means of a lifter 
e, worked by a milled head at 
the back of the case. Above 
the bearers are agate planes, on 
which the knife-edges of the 
needle NS rest when the instru- 
ment is in use. A level f is 
provided, and so arranged that 
when the bubble is central tne 
line dd is horizontal. The 
needle is round and graduated 
from the centre in a scale of 
equal parts, the North-seeking Fig. 228. 

(red) end being denoted by a 

mark. The axis by which the needle is supported passes 
through its centre of gravity. Small aluminium rings or 
weights w, which fit closely on the needle, are supplied. The 
needle is kept in a special tin box when notinuse. The needle, 
when mounted, should be kept raised above the agate planes 
by means of the lifter except when actually observing, and 
the greatest care should be taken to keep it free from rust 
and moisture. 


If the instrument is set up at a place free from local 
attraction, the needle, being placed in the plane of the mag- 
netic meridian, will lie in the direction of the earth’s total 
force at that place, so that the angle which it makes with the 
horizontal line dd is the dip at that place. Let one of the 
rings, of weight w, be placed on the upper end of the needle 
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(the unmarked end in the Northern hemisphere), and so 

adjusted that the needle takes up a horizontal position, as- 

indicated by parallelism to the line dd; then, if n be the number 

on the scale at which the inner edge of the ring is set, and Z the 

vertical force of the earth at the place, we have from Fig. 220 
10 ae 


Fia. 229. 


Similarly, if we take an observation at another place where 
the earth’s vertical force is Z’, we have 


nw =AZ’ 

Therefore 
ee VA 
n VA 


294. The correction of heeling error in harbour. 
—The correction of the heeling error necessitates observations 
being taken on shore as well as on board. 

Observations on shore.—The heeling error instrument should 
be taken on shore to a place free from local attraction and 
removed from possible magnetic influences. It should be set 
up on a stand or support so as to be at least 3 feet from the 
ground, and in such a position that the needle lies in the 
magnetic meridian. The needle should be levelled by means 
of one of the rings, and the value of n noted. Should one ring 
not be found sufficient, two rings in contact with one another, 
must be used, and the value of n read off from the inner edge 
of the inner ring ; the reason for always reading from the inner 
edge of the ring is to ensure uniformity of observation. 

Observations on board.—As stated above, it is impracticable 


to correct 2 eos’C’, and therefore, when correcting coefficient J, 


IN 
the ship’s head should be East or West, because cos ¢’ vanishes 
at these positions. Since cos’¢’ is very small when the course 
is within 10° of East or West, any position of the ship’s head 
within these limits is suitable, provided that the value of g is 
not very large. 

Having removed the compass bowl place a wooden rod, 
of semicircular section, across the binnacle, in the direction of 
the magnetic meridian and with its flat side downwards. 
Pass the chain of the heeling error instrument over the rod, 
and raise or lower the instrument until the needle is in 
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the same position as that lately occupied by the compass 
needles, and then secure the chain. Should the line dd not 
be exactly horizontal, it may be made so by moving the spare 
length of the chain to one side or the other as necessary. 


From above, it is required to satisfy the equation 


the 

7 = Ml -D',); 
that is 

ny! 

ye es By 
or 
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The factor \,(1 — D’,) is called the heeling error constant, 
and its value, for each position at which a compass is placed 
in a particular ship, is given on a paper to be found in the box 
containing the heeling error instrument. The value of A,, 
which is the heeling error constant if D’, 1s assumed to be 
zero, 18 given in a pamphlet entitled “ Spheres, Flinders Bar, 
etc.” Therefore, the inner edge of the ring should be set at a 
scale division n’, as found by multiplying n by the heeling 
error constant, and the needle should be placed in the instrument 
with its marked end towards the North. 


If the North end of the needle dips vertical magnets should 
be placed in a specially constructed bucket below the compass, 
red ends uppermost, and raised or lowered as necessary till the 
needle is horizontal. Ifthe South end dips the magnets should 
be placed with their blue endsuppermost. ‘The distance between 
the top of the magnets and the compass needles may be read 
off on the marked chain which supports them. 


On account of the possibility of magnetism being induced 
in the Flinders bar by these magnets it is advisable that they 
should be as low as possible, and therefore several magnets at 
a distance should be used in preference to a smaller number 
near to the compass. 


In a Thomson compass (§ 300) another error, called the 
error of translation, exists, and this is due to the translation of 
the compass bowl arising from its mode of suspension. It has 
been found by experiment that this erroris allowed for by 
lowering the bucket 2 inches after the correction has been 
made. 


295. The correction of heeling error at sea.—It 
is obvious that, when correcting heeling error at sea, the value 
of n for the position of the ship cannot be obtained by observa- 
tion. Now the valve of n varies according to the vertical force 
of the earth, and therefore, if its value has been obtained at 
some place on shore, its value at the position of the ship may 
be deduced by aid of the chart of equal vertical force. 
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Bienaiple -—It is required to find the scale reading at which 
to set the ring of the heeling error instrument, in a ship in 
Lat. 30° S., Long. 0°, n having been observed at Portsmouth 
to be 30°0, and the heeling error constant for the ee 


being °9. 
From the chart of equal vertical force we have 
At Portsmouth = - - . - Z = — *425 dynes. 
At the position of the ship - - Z,= — 250%, 
Then, if n, is the value of n at the position of the ship 
Ny 4s 
eA | P 
250 
Uf Na 30° X “495 
. Nae Cee aE "250 BESS 
re ON = RO ee 495 = 10 e 


The negative sign indicates that the ring should be ‘she 
on the North cr marked end of the needle. The ring should, 
therefore, be placed on the marked end with its inner edge at 
the scale division 15° 9. , 

At first sight the necessity for the correction of the heeling 
error may not be apparent, because a ship, unless she be a sailing 
vessel, does not heel to one side or the other for more than a few 
seconds; but, as a ship rolls, the vertical force which causes 
heeling error is applied alternately to starboard and port of the 
compass, and this periodic force on the compass needle causes 
the compass card to swing and become unsteady. Thus 
we see the necessity for the close correction of the heeling 
error, in order that the compass card may be steady under all 
circumstances. 


296. The change of the heeling error due to 
change of magnetic latitude.—The heeling error, when 
corrected, will remain correct provided that the ship does not 
change her magnetic latitude, and this is so because, in the 
correction of this error, practical difficulties necessitate a 
departure from the main principle of compass adjustment— 
that is, of correcting like with like— and we correct the 
induction in soft iron, represented by —e and + k rods, by 
permanent magnets. Taking, as an example, the case of the 
compass of a ship built in England, we should probably have 
a +R, +k and —e. These would all act in the same direction 
to cause heeling error, and permanent magnets, red ends 
uppermost, would have to be placed under the compass 
to counteract their effects. If the ship steams South, on 
arrival at the magnetic equator where Z = 0, k and — e will 
have no effect, and fewer magnets will be required because F 
alone will be acting.. When the ship arrives in the Southern 
hemisphere k and -—e will, after a time, counteract + FR, and no 
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magnets whatever will be required. Further South the effects 
of k and — e may exceed the effect of + R, and magnets with 
their blue ends uppermost will be required. 

Thus, after any considerable change of magnetic latitude, 
the heeling error should be re-corrected ; but as, on each occasion 
of so doing, the vertical magnets are. moved and possibly 
the magnetism induced in the Flinders bar or spheres altered 
thereby, it is necessary, whenever the heeling error is corrected, 
to obtain a new deviation table by observation. 

From the formula it will be seen that the heeling error is a 
“maximum when the ship’s head is North or South; therefore, 
should the ship not be perfectly upright and the heeling error 
not exactly corrected, a change in the deviation for those 
directions of the ship’s head may be expected. 
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CHAE Dip Raex x MI; 
THE MAGNETIC COMPASS—continued. 


THE DESCRIPTION AND PRACTICAL CORRECTION 
OF THE COMPASS. 


297. The bowl of the Chetwynd compass.—Magnetic 
compasses are of two kinds, according as the compass card lies 
in liquid or air. The two types of compasses in use in 
H.M. Ships are the Chetwynd compass and the Thomson 
compass, and as the former is in use in the majority of 
modern ships we shall describe it first. 

A compass may be regarded as consisting of two parts, the 
bowl and the binnacle, each of which consists of a number of 
minor parts. 

The upper part of the compass bowl, Fig. 230, consists 
of a brass cylinder ABB’A’, closed at the top and bottom 
by two flat glass discs AA’ and BB’; in- the centre of the latter 
is situated the pivot D. The cylinder is filled with pure 
distilled water in which there is 50 per cent. of alcohol to 
prevent freezing. 


ETL ee a eres 
BLLIZEELALLLLLLLLLALLLLLLALL LALLA LLL 
Sea oT cae RE AE MOREA BOE MMT: CIEE LE Se 


TG wee Ou: 


The card NS is of mica and is secured to a copper float F’, in 
order to reduce the friction on the pivot D, and to a system of 
two magnets «xy, each 3°75 inches long. The lubber’s point l 
consists of a horizontal pointer projecting inwards from the 
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brass cylinder, its extremity, reduced to a fine point, being 
close to the edge of the card. In order to allow 
for the expansion and contraction of the liquid 
and metal due to change cf temperature, two 
small corrugated chambers g, Fig. 231, called 
expansion chambers, are fitted, one on either 
side of the bowl. These chambers are in 
* inside communication, by means of a small hole h, 
Bow! With the interior of the bowl, and are con- 
sequently full of liquid. The corrugated sides 
of these chambers yield to the expansion and 
contraction of the lquid and bowl. On the 
side of the bowl is a hole for adding to the 
liquid in the bowl as necessary ; it is called 

av ley the filling hole and is fitted with a screw plug 

Fie. 201. and leather washer. 

Attached to the lower portion of the bowl is a glass chamber 
BCB’, Fig. 230, which is partially filled with castor oil or 
glycerine; this gives stability to the bowl in a seaway, and at 
night diffuses the light placed beneath the bowl. 

In the latest pattern the glass chamber BCB’ is absent and 
a ring is fitted to give stability to the bowl. 

The bowl is supported by gimbals on roller hearings, the 
outer gimbal ring being pivoted in roller brackets on the side 
of the binnacle. 

The metal ring HEH’, called the verge ring, which secures 
the upper glass of the bowl in place, is, in the standard 
compass, graduated in degrees from 0° to 180° to starboard 
and port, the graduation 0 corresponding to the ship’s head. 
This is useful because, when a bearing of an object is taken, 
a small pointer on the azimuth murror indicates the angle on 
the bow. In steering compasses the verge ring is fitted 
with an adjustable magnifying prism over the lubber’s point, 
to enable the steersman to more clearly see the direction 
of the ship’s head; counterpoise weights are fitted on the 
opposite side of the verge ring. 


298. To remove a bubble from the compass.— 
If air enters the compass bowl a bubble is formed which lies 
between the upper glass and the compass card. This not only 
makes the reading of the graduations of the card difficult but 
reduces the sensitiveness of the card and causes it to hang. 

To remove a bubble, the bowl should be unshipped from the 
binnacle and laid on its side with the filling hole uppermost. 
The screw plug should first be removed from the filling hole, 
and then the expansion chambers distended to their maximum 
extent ; this is done by aid of small milled nuts which screw on 
to the screw j (Fig. 231), they will be found in the box in which 
the compass is supplied. Care should be taken not to strain 
the expansion chambers when distending them. ‘This action 
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of distending the expansion chamber causes the level of the 
liquid to fall. Recently distilled water should then be poured 
into the filling hole, the bowl being gently moved from side 
to side in order to facilitate the escape of the air. When it is 
considered that all the air has escaped, the milled nuts on 
the expansion chambers should be eased back one or two 
turns, so as to allow the expansion chambers to slightly close ; 
the extra pressure thus brought on the hquid will cause a 
slight overflow at the filling hole, and should tend to drive 
out any air that remains. The plug of the filling hole 
should then be screwed in, care being taken that the leather 
washer is in place; the milled nuts may now be eased up and 
removed. Should there still be an air-bubble the operation 
should be repeated. 


299. The binnacle.—The binnacle, Fig. 232, consists. of 
a hollow wooden stand at the top of which are fittings for 
carrying the bowl, while outside and inside it are various 
arrangements for carrying and securing the different correctors. 
Screwed to the outside of the binnacle is the brass case for the 
Flinders bar, and on either side are brass brackets, ¢, ¢, to which 
the spheres are secured. On the opposite side to the brass case 
are situated doors by which the inside of the binnacle can be 
reached. Inside are brass tubes for carrying and securing the 
fore-and-aft and athwartship permanent magnets. ‘There are 
two sets of tubes, a and a, for carrying the fore-and-aft magnets, 
but only one set, a’, for the athwartship magnets, and this is 
situated on the side of the binnacle opposite to the brass case. 

The brass tubes are attached to endless chains, b, b, and so 
arranged that, by turning a handle, their distances from the 
compass needles can be varied at will. The mechanism is 
securely locked by two studs, d, d, when the safety door g is 
closed. 

Along the centre line of the binnacle is a brass tube, e e, in 
which is a bucket, f, for carrying the vertical magnets. The 
bucket is supported by a chain h, each link of which measures 
half-an-inch, in order that it may be lowered or raised as 
required ; the number printed on that lnk of the chain, which 
is at the securing position, indicates the distance in inches 
between the upper ends of the magnets and the compass 
needles. 

At the upper part of the binnacle are two brass doors — 
which open into a space immediately below the compass 
bowl; in this space there is an electric lamp and a contrivance 
for regulating the illumination of the compass. If necessary 
the doors may be removed and oil lamps substituted. | 

On the top of the binnacle is fitted a removable brass helmet 
which completely covers the compass bowl, and is conveniently 
fitted with sliding shutters and windows through which ~ 
observations can be made. 


SO 
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The binnacle is secured to the deck by four bolts, and care 
should be taken that it is so secured that the line joining the 


Fig. 232. 
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centre of the compass card to the lubber’s point is parallel to 
the fore-and-aft line of the ship To ascertain if this is so two 
plumb lines should be suspended, one before and one abaft the 
compass, from points whose positions in the fore-and-aft line 
have been found by measurement. A straight edge laid on the 
compass in the plane of the two plumb lines should pass 
vertically over the centre of the compass card and the Iubber’s 
point. 

All material used in the construction of the binnacle is non- 
magnetic. 

The doors of the binnacle which, when shut, secure the 
magnets in the tubes, should always be kept locked, in order 
that unauthorised persons may not be able to tamper with the 
magnets. 


300. The Thomson compass.—This compass is in use 
in many of the older of H.M. ships; the card, which is very 
light, is pivoted in the centre of the bowl, and consists of an 
aluminium ring joined to an aluminium centre by thirty-two 
silk threads; a ring of paper on which are printed the gradu- 
ations is cemented to the aluminium ring. The needles, 
which are very weakly magnetised, are suspended under the 
card by silk threads. ‘The card is pivoted on a small brass rod 
having an iridium point. 

This type of compass is very sensitive, but as the retarding 
influence of the liquid is absent, oscillations are liable to be set 
up by shocks, gunfire, and the motion of the ship. 

The binnacle consists of a wooden stand with holes drilled 
in it to receive the magnets; it is fitted with brackets for 
the spheres, and a brass case for the Flinders bar as in the 
Chetwynd compass. 

In a Thomson standard compass the verge-plate is graduated 
in a similar manner to that of a Chetwynd standard compass. 
In a Thomson steering compass no prism is fitted, but a 
magnifying glass, placed on the verge glass if desired, may 
be used instead. 


301. The azimuth mirror.—The azimuth mirror, Fig. 
233, is an instrument.which may be placed on the top of the 
compass bowl for the purpose of taking bearings. It consists of 
a stand, on which is mounted a pedestal which carries a 
prism, magnifying glass, pointer, &c. The stand has three 
arms, the extremity of each of which is fitted with a clip, 
which engages over the projection of the verge ring of 
the compass, in order to guard against displacement by 
shock. From the centre of the bottom of the stand pro- 
jects a small pin which enters a hole in the centre of the 
upper glass of the compass bowl. Above the stand is a 
pedestal at the lower extremity of which is a pointer aa’ which 
lies, one end, a, over the graduation of the compass card and 
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the other, a’, over the graduation of the verge-plate. On the 
pedestal is carried a magnifying glass, b, and a prism, c. The 
prism may be revolved about a horizontal axis by means of a 
milled head d, on which is engraved an arrow. ‘Two coloured 
shades e, e, are provided for use when taking bearings of the sun, 
as well as a small level f. In the centre of the instrument is a 
socket, in which may be stood a vertical pin gg, called a shadow 
pin. The vertical plane which passes through the shadow pin 
gg and the pointer aa’ cuts the prism at right angles; but, 
should it not do so, small clips are provided by means of which 
the prism may be adjusted. 
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302. How to take bearings.— As stated above, the milled 
head for rotating the prism of the azimuth mirror has an arrow 
head engraved on it,.and the direction of this arrow, whether 
pointing up or down, indicates the position of the prism 
according to which method of taking bearings is employed. 

Arrow up.—This method is generally used when taking 
bearings of elevated objects, such as heavenly bodies, but, if 
desired, it may be used for objects on the horizon. Fig. 234 
shows the position of the prism, the ray from the object being 
reflected upwards to the observer’s eye which is in such a 
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position that the graduation of the compass card is seen directly 
through the lens.. A small movement of the prism will enable 
the object and the graduations of the compass card to be seen 
together with the small pointer at the base of the instrument, 
and the graduation which is eatmerdent with the: Betis may 
be read off, 
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Care should be taken that the reflection of the object 
‘is coincident with: the pointer; when this is $0 the azimuth 
mirror is pointing directly at the object. The error in 
the bearing observed, due to lack of this precaution, is not 
very great provided that the altitude of the object is not 
greater than 38 degrees, but above that altitude the error 
increases very rapidly ; for this reason, when great accuracy is 
required, it is inadvisable to take bearings of heavenly bodies 
whose altitudes exceed 38 degrees. 

Arrow down.—This method is that most generally adopted 
when the object to be observed is on or near the horizon. 
Fig. 235 shows the ray from’ the ‘object passing just over the 
centre of the prism to the observer’s eye ; at the same time the 
rays from the graduation of the compass card and from the small 
pointer are reflected in the same direction. ‘The advantages of 
this method for general work are twofold: inthe first place the 
azimuth mirror, when once set for a particular observer, does 
not need constantly adjusting, and this is an important matter 
when taking cross-bearings: because it avoids: delay between 
taking the bearings; in. the second. place, if the: object. is 
indistinct or difficult. to distinguish from other objects,: the 
operation. is simplified because the object 1 Is seen directly: and 
not by reflection. 
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When taking bearings the observer should be careful ,that 
the bowl is horizontal, as indicated by the small spirit-level 
on the azimuth mirror,.and he should not be touching the 
azimuth mirror or compass bow! at the instant at which an 
observation is taken. 
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It will be obvious from ate 234 and 235 that the bearings 
of an object taken by the two methods should agree; should 
they not do so the prism needs adjustment, and this may be 
effected by means of its securing screws. 


Bearings may be taken without the. aid. 2 the wet ial 
mirror by means of the shadow pin which may, if desired, be 
stepped in a tripod carrier which is supplied with the azimuth 
mirror, The eye, shadow pin, and object are brought into 
line, and: it is noted where the vertical plane through this 
imaginary line cuts the compass card. The degree of accuracy 
obtained by this method is not very areas but it is frequently 
useful in wet weather. 


303. The bearing plate or Pelorus.—In some 3 ships 
itis impossible to obtain an all-round view from the standard 
compass, and in such cases a bearing plate, which is merely a 
dummy compass set up near the standard compass, 1s of great 
assistance in taking bearings. It is also useful in a fleet for 
keeping station on a particular bearing from another ship, when 
it 1s inconvenient to use the standard compass. — 


A bearing plate. consists of a circular brass plate with a 
raised rim, 4 inches in diameter, on which a lubber’s point 
is marked. . This plate is suspended on gimbals and weighted 
so as to remain horizontal when the ship rolls. The gimbal 
ring 1s mounted on brass supports fixed in a square wooden 
box. Inside the raised rim of the plate there is a disc, marked 
as a compass card and capable of rotation about its centré. 
Outside the raised rim is a recessed part for a movable brags 
circle, on which is mounted foldimg. sight vanes fitted with 
shades and a reflecting glass. An arrow head is inside the 
reflector for reading off the bearing or setting the vane. 

Dd2 


Art. 304. 396 


When using the bearing plate, the essential conditions 
arent 


(1) The lubber’s point should be exactly in the fore-and-aft 
line of the ship. ) fib lish 

(2) The plate should be horizontal. 

(3) The degree shown on the compass engraved on the cae 
opposite the lubber’s point should agree with the 
standard compass course of the ship. 

(4) A “stop” should be given from the standard compass 
when the ship’s head is exactly on her course, and 
the observer at the plate should note the bearing of 
the object at the same instant. 3 


In short, it 1s necessary to have the dummy compass card or 
plate pointing in the same direction as the standard compass 
eard, when the bearing by it will be the same as by the 
standard compass. 

It is sometimes desirable to steady the ship on a particular 
magnetic course, and this may be done by means of the bearing 
plate as follows; find the magnetic bearing of a distant point 
from the chart, and set this and the required magnetic direction 
of the ship’s head on the bearing plate. Turn the ship in 
azimuth until the distant point can be seen in the sight vanes ; 
the ship’s head will then be on the magnetic course required. 
If no distant point is available the operation can be effected 
at any particular instant by means of the azimuth of the sun 
or other heavenly body. Thus, suppose it is required to 
steady the ship on N. 50° W. (mag.), the magnetic bearing 
of the sun or distant point being N. 67° E. Set the dummy 
card to’ N. 50° W., opposite the lubber’s point. Set the 
sight vanes to N. 67° E., and turn the. ship in azimuth till. 
the point or heavenly body can be seen in the sight vanes. 
The same method of putting a ship’s head on a magnetic 
course can be practised, using the graduations on the verge 
plate of the standard compass. 


304. The compass in a conning tower.—When a 
compass is situated in a conning tower, the iron of whichis a 
better conductor than air, a large percentage of the earth’s 
lines of force travel through the metal of the tower and emerge 
on the other side, and only a small percentage pass directly 
through the tower ; these, combined with the lines o force due 
to the induced magnetism of the conning tower (§ 255), give to 
the compass its directive force. For this reason rie! Vv alue of X 
at a compass so placed is generally small, and sometimes as low 
as °2. On the ship’s course bemeg altered, the direction of the 
lines of force, due to the magietism. of the conning tower, moves 
slightly in the direction of the new course and gradually returns 
to the original direction (North and South). The result is that 
the deviation of a compass in a.conning tower is not what may 
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be expected immediately after a change of course, but gradually 
comes to its normal value after a more or less short interval. 
Therefore, when using a compass, so placed, for steering purposes, 
frequent checks should be made by means of the standard 
compass. It is found that the North point of the compass 
needle always moves slightly in the direction in which the 
course is altered, an effect which is frequently alluded .to as 
sluggishness. ‘To avoid this, in modern ships the compass is 
set up in a position at some distance below the conning tower, 
a light and system of lenses being employed to project an 
image of the compass card on to a suitable screen in the 
conning tower. Such a compass is called a. projector. compass 
and the position selected for it should be sufficiently far 
removed from dynamos, motors, &c., and such that ’ has a 
good value there. 


305. Precautions to be observed with regard to 
electrical instruments, &c.—<As explained in § 256 a 
wire which carries an electric current is surrounded by a 
magnetic field, so that the electric lighting of a compass intro- 
duces a difficulty; but it is found that if the lead and return 
wires are clipped close together, the magnetic effects of one are 
counteracted by those of the other. The following table gives 
the distances from a compass within which the “instruments 
mentioned should not be brought :— 


From From Lower 
ee ieument Standard Conning 
: Compass Tower 
Position. Position. 
Feet. Feet. 

Alternator, Turret danger signal, 220 volt; automatic “12 16 
starter for (Kilroy). 

Alternator, Turret danger signal, 220 volts ( CSR aa | 20 28 

Ammeter, ammunition hoist - - 4. 4, 

Bell, 15 volt - - - - - 4 4 

Breaker, Branch (Whipp and TAS: wie) . - - 9 13 

. Main supply (Whipp and oe) - - 15: 19 

% Circuit (Crompton) - - - - 10 14 

‘ » (Newett) - : igh eee “ 4, 6 

% ,, for torpedo NIE gear - - 5) 8 

Compass, Magnetic - 4, 4 

Contactor, Branch, 809, 95 ibe tine a Beare) 10 14 

wae NO. u, 45 lbs. (Whipp and ae 4 4 

Controller, Projector (Crompton) - - 10 14 

Distributor box, 220 volt, Patt. 588 - - - 6 9 

Dynamo, 4 poles, 80 volt, 600 amperes - - 25 a 

2 other types, 300 amperes and more - : 60 — 

Ft » 400 bi ‘ - 70 — 

a 200 K.W., 220 volt, 6 pole - . - 45 70 

Fan, small high speed (Blackman) wre Fe . 4 4 

,, motor, 80 volt (Verity) - - - . : 15 20 

MR CU alt. <2 $ ampere - - : - - 4. 4. 

,, 220 volt, 1 ampere - - - - - 6 9 

i 13 | inch, 220 volt, 2 amperes Sleep - . 6 9 

» 12% inc ‘h, two speeds - - - - 6 9 

‘i * (Westinghouse) - - - 9 13 

» 20 inch 220 volt, 2 amperes (Verity) - - 8 12 
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| From From Lower 
Instrument | Standard |, Conning 
, 7 - Compass Tower 
"Position. | | Position. 
Feet. Feet. 
Fan, 35 inch (British, Thompson Houston) — - - | 16 23 
Fire control, range receiver (Barr and Stroud) “3 5 8" 
:, . cain for 4-inch guns - <7] A, 4 
T sf § screened (Vickers)  - | 7 9 
¥ % » unscreened (Vickers) - | 12 15 
,, transmitter (Barr and Stroud) | 5 ‘8 
Forbes speed indicator, receiver - . . a 4 6 
Gong, Captain’s, Indicating shutter for 2) Oe 4 A 
5% Iron case for - - - - 4 a 
= Reply (Siemen) - : - - - - | 6 9: 
» , other patterns - - . : - - | 6 9 
Gyro-compass, “ Anschiitz.” Motor generators for | 18° 20° 
a a a receivers ° 2 2 2 
es 3 fe _ Reversible motor for | 4. 4, 
; ) “Sperry.” Motor generator for - | 10 14 
. receivers - - - | 2 2 
Hummer, Transformer box for - OED = Fa ae Ae 
Indicator, Helm (Elliott Bros.) - . - - 4 bee ts 
is ,, (Hversheds) - L 2 2 - | ‘4 4, 
& Revolution (Elliott Bros.) - - | 4, 4. 
Z in (Two) (Everett Hdgtombe) - | 4 4 
5, (Elliott Bros.) - - | 4 4 
Isolator, 60 volt, 8 amps. (Evershed and Vignolles) | 10 14 
Junction box, 220 volt, Patt. 586. - - - =| 11 15 
Lamp, Are, 100 volt, 5 amperes _ - 2 ; Bi 10 14 
» Portable, 16 ¢.p., with iron protected screen _ 4 t 
.. Projector compass, 6 volt - - =e Nil 
a boat 2 220 volt, 150 ¢.p.- - | (No effect in position 
Lindi as fitted.) 
“Inches, 1 
Pe a kokoro = - - wile BA Tm oi kacves sat hh ha eel 
| Beet. Feet. 
Motor, Ammunition hoist for 6-inch guns -—- 12 At oes 
, Bakery, 220 volt (Lawrence Scott) - 9: -4 9:4 4. 
», Reversible, for gyro- ponies Coat Bros.) 4, 4. 
,  Brinepump~ - | £m dich 10 
.  Capstan, Multipolar, 50 h.p. aOR ee pace)! eae — 
5, Coal hoist, 220 volt, 17 ee Co ee ees 10. 14 
.. | Compressor, CO; - eT 12 16 
» Dotter, 220 volt - , - - as a ie ae orl 8 11. 
» Dredger ammunition hoist (Armstrong | 10 14. 
Whitworth). ; | j 
ae Hue cleaning, 80 volt, 20 amperes. A mnie pdsn Ei Hs 12 
generator ::— oe : 
i Fire control - . - - mot 0 = 4 10 14 
- (“ Hibernia” class) - - - \~. alfa Pade 16 
> Navyphone - iin iiss i De 20 
55 Searchlight (Mather and Platt) Mee Shs es 20 
+ # 220 volt (Laurence Scott) - — 24 36 
* - (Westinghouse) -— 13 17 
; Telephone (Laurence Scott) -. - ay 22. 30 
» lift (Lawrence Scott) - - See 8 12 
, Oil pump - : - . ed, 9 13 
» pump, 10-ton ( Cvletity). - - - - | AP 16 
:; » o0- ,, (Laurence Scott) - - - | 13 19 
» Saw bench, 80 volt -. - E : se 13 18 
5 sounding machine, 220 yolt (Kelvin) -. ra 4. 4 
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From From Lower 


Thetrtaent. Standard Conning 
Compass Tower 
Position. Position. 
Feet. Feet. 
Motor, Torpedo bar, 220 volt, 39 amperes (Nery | a‘ — 42 
,» Training searchlight (Crompton) - 7 
» Turbine turning, 220 volt (Allen) - - 24, 36 
-, Workshop, 220 volt, 74 h.p. (Newton) - 10 14 
Regulator, Shunt—For telephone motor generator | 4 4, 
Resistance potentiometer, 100 volt (Kelvin) - = | 4 6 
200° ,, i - - 4. 6 
Seachlight, single projector - - - - - | 12 — 
» twin projector aa ee - - - 12 _— 
Section box, Patt. 587 - - 8 12 
Starter, Automatic—For Eearohtiptt ener tor -— 10 14 
» OO, compressor motor - “ - : 10 14 
» searchlight motor generator - 24. 36 
A if Re astinc noise | 4, 4, 
3 Shunt—For brine pump (Lawrence Sd 12 16 
, Telephone motor generator - : 14 18 
Workshop motor (Newton) - - - iL A 
Te bone: Box, line coil, - - : - - 5 75 °8 
» Patt. 2461 Navyphone - . - - t 4 
5, 2462 . . - - - 4, 4 
Voltmeter, Patt. 2381 - - . - Sieh ae 4 dh 
Jiay3 tat 2 Weston) © SERS TRARY a - - 4 A, 
Wire, Main « Pe iectic ¢ eioriys rokx eet ii ~ i) —_ 
Wireless instruments : —. . ate 
Alternator, 100 volt, 24 h. p (Crompton) - - 13 20 
pe Type 9, 100 volt rag wilate - “ 4, 6 
, ” :, - * r, rf 3) 7 
- Auto ‘transformer, Benverter for - - “ Ge: “9 
Blower (Crompton) - teed 6 - 6 ha ia 
Coil Impedence, Type 2, 80 volt yt ls . f 6 
Combined starter und regulator, converter for 6 9 
(Crompton).: 
Induction coil - - Ol - 30 oa 
Key Magnetic, Patt. 461 “ - sais: af ON aie 6 9° 
Rotary converter, Type 2,100 volt - © -— 4° 6 
» Rotary. converter (Crompton) for T.B. D’ s ‘and 6 9 
small ships. ~ 
Rotary converter old type—For T.B.D.’s - 20 30 
Fan, circulating - - Koes - 4 hy 
Set, battleship, auxiliary = - - - - - + 6 
5, cruiser, auxiliary, Type 9 - wt AS - 6 9 
»» Mark IT. (for big sting) - bi espe gue 12 18 
, submarine - 3 “ : é — 6 
Starter and regulator Iiasieriny - - - 18 24 
Switch operating, Type 1, Patt. 1066 - - 6 8 
» Relay, Type 1, Patt. 441 - - - 4 5 
Transformer—For T.B.D.’s : - - . + 4 


These distances have been obtained by experiment for a 
standard compass position where ’ = ‘86, and for a lower 
conning tower position where \ = ‘60. 

In the construction of a ship, the followmg points, in 
addition to the distances given above, should be adhered to. 

No iron or steel of any kind should be placed within 10 feet 
of the standard compass. ‘The extremities of elongated masses 
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of iron, or steel, should be placed as far as possible from the 
compasses. The nearest great funnel should not be nearer than 

32 feet, and other iron or steel fittings of considerable dimen- 
sions, such as conning towers or turrets, should not be less than 
20 feet fromthe compass. 

No iron subject to occasional movement (such as revolving 
cowls, hatches, doors, &c.) should be fitted so near the compass 
as to disturb it. Any cowl which exceeds 6 feet in diameter, 
the nearest part of which, when turned in any direction, comes 
within 18 feet of the compass, should be made of non- 
magnetic material. In no case should iron or steel, subject to 
occasional movement, be fitted within 12 feet of a compass. 

As regards the compass in the lower conning tower, no 
moveable iron or steel should be within 12 feet of the compass, 
and no fixed iron or steel, other than decks or bulkheads, 
within 10 feet. Bulkheads which are situated within 4 feet 
of the compass should be made of non-magnetic material, to 
a distance of 10 feet in the horizontal plane and 4 feet in the 
vertical plane from the compass, and doors, hatches, &e. within 
12 feet of the compass, should be made of non-magnetic 
material. | | 

In some vessels the davits, when turned in, have the effect of 
altering the deviation. The King’s Regulations and Admiralty 
Instructions lay down that if the davits, when turned in, approach 
within 14 feet of the compass, the deviations are to be obtained 
by swinging the ship both with the davits turned in and out. 


306. To obtain the deviation by observation.—The 
principle underlying the correction of the compass is to 
ascertain from analysis theforces which cause deviation—whether 
from the permanent magnetism of hard iron or induced 
magnetism in soft iron or from both, and then to. apply 
correctors which produce equal forces in. opposite directions. 
As we have seen in the previous chapter, the forces which cause 
deviation are involved in the coeflicients, and to find these itis 
necessary to know the deviations for various directions of the 
ship’s head (§§ 277, 278). 

The difference between the. magnetic and compass ieannee 
of an object is the deviation, so that, to obtain the deviation of 
the compass for any particular direction of the ship’s head, 
it is necessary to take the compass bearing of some object 
whose magnetic bearing is known or can be obtained. There 
are three methods in use for obtaining the deviation, namely :— 

(a) By reciprocal bearings. | 

(b) By bearings of a distant object. 

(c) By bearings of a heavenly body. 

(d) By bearings of marks when in transit. 


(a) By reciprocal bearings.—-lf the bearing of the standard 
compass 18 observed with a compass on shore which is unaffected 
by local attraction, the bearing so obtained is the magnetic 
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bearing of the standard compass from the shore compass, 
and if reversed is the magnetic bearing of the shore compass 
from the standard compass, or what is called the reciprocal 
bearing. If, at the same instant, the bearing of the shore 
compass, as indicated by the standard compass, is observed, the 
deviation, for the direction of the ship’s head at the instant, can 
be obtained. This method has certain advantages over the 


methods (6) and (c) ; 


(1) The magnetic bearing and thus the deviation is 1mme- 
diately obtained. 

(2) The ship may be under way, and may, if required, be 
actually steaming ahead while the observations are 
being taken. This greatly facilitates keeping the 

_ship’s head in any required direction. 

(3) The ship may be comparatively close to the shore 
compass, while the method (6) necessitates the ship 
being at a considerable distance. Consequently this 
method can frequently be employed in thick or 
cloudy weather when the other two methods would 
be impracticable. 


At many important ports, a bearing plate, fitted with sight 
vanes, is set up, so that its zero line is in the magnetic meridian 
of the place, and consequently bearings taken by it are magnetic. 
Such shore stations are provided with the means of signalling 
the results of observations to a ship, and are frequently made 
use of when adjusting compasses or swinging ship for deviation. 
If it is desired to employ this method at a place where no such 
provision exists, an improvised shore station may be set. up by 
aid of the landing compass, care being taken, when selecting 
the position, that no local attr action or other magnetic influence 
is present. 

In order that the observations, from the oe station and 
from the standard compass, may be simultaneous, it 1s necessary 
to have some prearranged code; the following signals are 
generally employed :— 


9 


A pennant at the mast-heac “close up.” signifies ‘Stand 


The “dipping” of the pennant signifies “ Observe.” 


A large flag should be suspended immediately above the 
standard compass in order to assist the observer on shore in 
taking the bearings. 

When the observer at the étandar d compass is satisfied with 
his bearing he orders “dip,” which signal is repeated at the 
shore station, and bearings are taken from both positions, that 
from the shore station being immediately signalled to the ship 
in order that the deviation may be noted at once. 


(b) By bearings of a distant object —With this method the 
compass bearing is taken of a. well-defined object whose 
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magnetic bearing 1s known; the difference between the two 
bearings is the deviation. The magnetic bearing is found— 


(1) From the chart, as explained in § 307, provided it is 
seen that the survey was made in considerable detail 
($ 169). On some charts of harbours there are lines 
which show the true bearing of a certain distant object, 
from which the magnetic bearing may be found. 
When making use of such lines, the position of the 
ship should be fixed, and the true bearing for the 
particular position of the ship can then be‘seen. 

(2) By obtaining the horizontal angle between the sun and 
the object and at the same time noting the time 
by the deck watch; the true bearing of the sun 
may now be obtained, and the horizontal angle 
applied to this gives the true bearing of the object 
from which the magnetic bearing can be obtained. 

(3) Approximately, from the mean of standard compass bear- 
ings on eight or sixteen equidistant points, provided 
that the circle, described by the standard compass, 
as the ship turns round, is small, and ‘the object 
sulliciently clistant. 


In all cases when method (b) is employed the ship should 
ibe turned round in as small a circle as possible and it should be’ 
remembered that, provided the -distance of ‘the object >is: 
350° times the radius of the circle, the magnetic bearing ‘of 
the object’ will not differ by more ‘than 10’ from the mean. “If 
the distance of the ‘object observed ‘is less than the distance 
just’ stated, the ree bearing ior each Seeley iii girs 
be noted. 


(c) By bearings ay a heavenly way) —In this ethied eis 
compass bearing of a heavenly body, the altitude of which is 
not greater than 38°, is observed; at the same instant the time 
by the deck watch i is noted, in or rder'that the true bearing may 
be obtained (§ 101) ‘or taken from the Azimuth Tables or 
Azimuth Diagram ; the difference between the true and compass 
bearings gives the compass error. « 

This method is most commonly employed Be éHies chip is 
at sea, and; ‘as will be explained in § 313, the mean of the 
compass errors on eight. or sixteen equidistant points gives the 
variation at the place. The azimuth of the heavenly body which 
is selected should not be changing very rapidly, for, if it is 
doing so, a small error in the time produces a considerable 
error in the azimuth. The rate at which the azimuth is: 
changing may be seen by inspection of the Azimuth Tables. 

The azimuth of the sun at sunset or sunrise is given in the 
Azimuth Tables, so that if the bearing of the sun is taken. 
when its lower limb appears to be about a semi-diameter above 
the sea horizon, the operation of finding the azimuth is ‘simpli- 
fied, because there is no necessity to find the hour angle. This? 
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does not apply to the moon, because, as explained in § 136, 
when the upper limb disappears, or appears, the true altitude of 
its centre is about 3’, and, therefore, when the true altitude of 
the moon’s centre is Zer0, that is at moonrise or moonset, the 
moon is invisible. 

(d) By bearings of marks when in transit. S Witen acactine 
and using a large scale chart, the survey for which was made 
in considerable “detail, the deviation may be found by taking 
the bearing of two marks when in transit. The magnetic 
bearing of the marks may be found by drawing a line through 
them on the chart, and the comparison of this bearing with the 
compass bearing gives the deviation. The marks selected should 
be sensitive ($ 172), and no opportunity of employing such 
marks, for checking the deviation, should be allowed to pass. 


307. To find the true bearing of an object by 
the Mercator’s chart.—In Fig. 236 let A represent the 
position of an observer and B the 
position of a mountain peak on a 
Mercator’s chart. Let the full 
curved line between A and B 
represent the arc of the great 
circle which joins these points, 
and the dotted line the circle 
of curvature of the .curve. at A. 
This: circle may be: regarded’ as 
coincident with the curve over 
the arc AB. Let AN be the 
tangent to the circle (or curve) at 
A, then the observer sees the 
mountain’:B in the direction . 
AN, and the true bearing of | 
the mountain is the angle PAN. 
Join AB and draw. BN -perpen- 
dicular to AN and let the angle 
BAN: be denoted by @, then the 
true bearing of B (PAN) is 
PAB — 9, The angle PAB may | 
be found by measurement from Equator : 
the chart, so that to find the true r } 236. | 
bearing we have to find 8 which FAG 
in all cases is a very small angle. 


Now 


and neglecting small quantities of the second order, 

| AN* es DAB pe 
where p is the radius of curvature of the curve which represents 
the great circle. Therefore 


AN 
2p” 


tan@ = 
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Now the radius of curvature of the curve which represents a 
great circle on the Mercator’s chart is 2 cosec A cosec L, where 
Ris the radius of the earth, A the bearing and L the latitude. 
Also:AN = g cosec A, where g-is tne difference of longitude 
between A and B. 


eet are 
g cosec A oats 
tan @ = 2 I cosec A cosec L’ 
ep A’ sin ay 2B LP Gg 


2 R eosec L’ 


: 2 tk 
ce iy ious a 
and since sin 1’ = rf 


QO’ = ae sin L ; 


vd , 
Therefore the true bearing is found by measuring the angle 
: C g -: : ; 
PAB, and subtracting from it e sin £ minutes, 
It will be seen that unless the d Long. is great, or the latitude 


high, or both, @ will be very small. al may generally he 
neglected. 


308. The adjustment of compasses.—Before pro- 
ceeding to Sel the compasses the following points should he 
attended to :- 


(1) The ship should be upright. . 

(2) The caps and pivots should be in good order. This may 
be ascertained by deflecting the card one or two 
degrees, and noting whether it returns exactly to its 
original position. 

(3) It should be ascertained whether the lubber’s Se is. 
exactly fore-and-aft. 

(4) The azimuth mirror should be axauiiaeg for error of 
adjustment ; that is, bearings observed with the prism 
in the positions arrow up’ and arrow down should 
agree. if 

(5) Everything of iron or steel should be in the position, 
it usually occupies when at sea. : 

(6) No other ship should be nearer than two cables. 


These points having been attended to, the corrections should 
be made in the following order :— 

(1) Quadrantal deviation by spheres. : 

(2) Semicircular deviation due to induced magnetism 
(represented by a ¢ rod) by Flinders bar. 

(3) Heeling error by vertical magnets, | 

(4) Semicireular deviation due to P and Q by fore-and-aft 
and athwartship permanent magnets. 
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The reasons for this order ave as follows :— 


(a) As the deviation of the compass changes rapidly on 
alteration of course on account of the quadrantal 
terms, it is important that the quadrantal deviation 
should be corrected as early as possible. This 
may usually be done in harbour before proceeding 
to sea to adjust the compasses, the value of D 
being known or estimated, and the size and 
position of the spheres ascertained from the table 
in the Admiralty Manual (§ 281). 

The spheres partially correct the heeling error, so 
that they should be placed before the remainder of 
the heeling error is corrected (§ 292). 


(b) The Flinders bar corrects that portion of the heeling 
error due to c H and therefore should be placed 
before the remainder of the heeling error is 
corrected (§ 290). 

(c) The heeling error should now be corrected, because 
otherwise the ship would have to be exactly 
upright when correcting the semicircular deviation 
on North and South. 


The spheres and Flinders bar having been placed in position 
as explained in §§ 279 and 281, the heeling error should be 
corrected as explained in § 294, and this can generally be done 
while the ship is proceeding to the position where the adjust- 
ment is to be made. The semicircular deviation should be 
corrected as follows :—Steady the ship on some cardinal point, 
say North, observe and note the deviation, and then insert the 
athwartship magnets as explained in § 280. It will now be 
found that the ship’s head is not exactly North by compass, so 
again steady the ship on North, repeat the observation and, if 
necessary, alter the magnets; and. so on until the deviation on 
North is zero. The ship’s head should now be placed on an 
adjacent cardinal point, Kast or West, and an adjustment with 
the fore-and-aft magnets made in a similar manner. The ship 
should now be turned round and the deviations noted on the 
four cardinal and four intercardinal points, when a tough 
analysis will show whether coefficient Dis correct and whether 
the other coefficients have any appreciable value. Should it be 
found that coefficient D has any value, the spheres should be 
moved as explained in § 281, and any small adjustment of the 
horizontal magnets that may be necessary should be made, the 
ship being steadied on the cardinal points as required. 

When adjusting compasses the correctors should be placed 
so as to satisfy the following conditions :— 


(a) The athwartship vertical plane which ‘passes through the 
centre of the compass needles should. always pass 
through the centres of every fore-and-aft magnet. 
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(b) The fore-and-aft vertical plane which passes through the 
centre of the compass should always pass through the 
centre of every athwartship magnet. 


(c). The line of intersection of the vertical, fore-and-aft, and 
athwartship planes should coincide with the centre 
line of the vertical magnets or system of magnets. 


(d) The horizontal plane which passes through the centre of 
the compass needles should also pass through the 
centre of the soft iron spheres. 


(e) The horizontal plane which passes through the centre of 
the compass needles should also pass through a point 
on the. Flinders bar which is distant about one- | 
twelfth of the length of the bar from its upper end. 


~(f) Horizontal magnets should not be brought closer to the 
compass needles than twice the length of the magnets. 


309. To obtain the deviation of and to adjust a 
between-deck compass.—lIn the case of a between-deck com- 
pass from which direct observation for deviation cannot be made, 
it’ becomes necessary to obtain the deviation by comparing the 
direction of the ship’s head, as shown by such a compass, with 
that:shown by the standard compass which has previously been 
corrected. In order to determine whether:the spheres at such a 
compass have been correctly placed, it is necessary to determine 
what the deviation is when the ship’s head is on the inter- 
cardinal points as indicated by that particular compass. . For 
this reason an. observer is. stationed at. each betiween-deck 
compass ; at. the instant the ship’s head is on a particular point 
by the standard compass, a signal is made by means of a syren 
or whistle, and the observer notes the direction of the ship’s 
head as shown by the between-deck compass. By comparing 
the direction of the ship’s head with. that.shown. by. the 
standard compass, the deviation of any between-deck. compass 
can be obtained for the direction of the ship’s head as 
shown by that compass. ‘T'o find the deviation on the cardinal, 
and intercardinal points, it. is necessary to plot. the deviations 
for the observed directions of the.ship’s head, and to. take fora 
the curve the deviations required. . 

While it is desirable to keep the dev iation of each compass 
a minimum, it is inadvisable to frequently change the positions 
of the correctors; the correctors should only be moved ‘when. 
it is certain that a permanent change in the ship’s magnetism 
has taken place, and, on all occasions of so doing, the ship 
should be swung and a new deviation table deduced as follows. 


310. Swinging ship for deviation. —Swinging ship 
for deviation consists in turning her slowly round, steadying 
her‘ on’ various ‘courses and SbSerFihg the devi iation on each 
course. 3 
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When. the deviations are large the ship should be steadied 
on every, point of the compass in succession, but when they are 
small it is sufficient to steady her on every other point. . When 
she is steady on a point of the: compass, as indicated by the 
lubber’s point, the deviation is observed for that direction of the 
ship’s head by any one of the methods given in § 306; at 
the same instant the signal mentioned in the preceding article 
is given, and the observers stationed at the other compasses 
note the directions of the ship’s head as shown by those com- 
passes respectively. 


A ship while being swung should be steadied, on each 
point on which the deviation is observed, for a sufficient time 
to allow the sub-permanent magnetism, due to the last direction 
in which she was heading, to disappear. As a general rule 
a ship should be steadied for at least a minute before an 
observation is taken, and a neglect of this precaution will 
result in there being an apparent A on analysis of the deviation 
table, an error which is sometimes referred to as Gaussin 
error. In a steering compass, the deviation of which is 
obtained by comparison with the standard compass, an apparent 
A may sometimes be caused by a misplacement of the lubber’s 
point. 


When swinging ship and observing a heavenly body, it is 
advisable, in order to avoid delay, previously to tabulate, for 
intervals of about «four minutes, the magnetic bearings and 
corresponding deck watch times for the period during which it 
is likely that the observations will be taken. 


It may happen that, after an action, a ship’s magnetism may 
become so altered as to necessitate a new deviation table being 
made out. In the event of it being impossible to employ either 
of the foreging methods, the following procedure may be 
adopted. | 


Let us suppose that a ship X. has been in action, and’ that 
soon afterwards she meets with a ship Y which has not been in 
action, and the deviations of whose standard compass are known. 
The method of reciprocal bearings can be employed, the bearings 
signalled from Y to X being magnetic. 


A somewhat similar procedure may be followed'in’the case 
of two ships, for neither of which is the deviations known. Let 
X and Y be two ships which have been in action, with the result 
that the deviations of their compasses have been changed and 
are unknown. 


The senior ship X directs Y to steer a steady course, 
S. 40° W. by compass, say ; X then heads North by compass and 
reciprocal bearings are taken as shown in Fig. 237. 
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If 6 is the Easterly deviation of Y on 8. 40° W., we have 


Magnetic bearing of Y from X - N, (23° — 8) W. 
Coin ss sh = Neto W. 


Deviation of Y on North -., ( 8° +16) es 


Bearing of XS.23E 


S.40°W 


North | 


Ha? 237; 


X now heads South by compass and reciprocal bearings are 
again taken as shown in Fig. 238. 


In this case we have | 
Magnetic bearing of Y from X - N. (68° — 8) W. 
Compass ‘, aie - N.. 56 W. 
Deviation of X on South = 961216) W 

Now from § 277, coefficient C for X is 

Ok cog ea O)La Lemon 


<) 


BT 


Therefore, assuming that for X the coefficients A and H are 
zero, the deviation of X on North is 10° E. 


409 Arts. 311, 312. 


Therefore 


(Spo) lic 107K: 
nee Os 2° Hh 


Bearing of X,S.68'E. 


Bearing of Y,N56W 


South 


Fia, 238, 


Having found the deviation of Y on 8, 40° W., X may swing 
using the method of reciprocal bearings, and find the deviation 
on every point, care being taken that 2° E. is applied to each 
of the bearings signalled by Y. 


311. Necessity for frequent observations for 
deviations.— When we reflect on the numerous forces 
mentioned in the previous chapters which tend to cause 
deviation, and that their effects vary in different ways as the 
course and the magnetic latitude vary, and if, further, we 
consider possible effects of the firing of guns, electric currents, 
movable stanchions, &c., it is clear that a deviation table is 
unlikely to remain correct for very long. Therefore the only 
safeguard against the ship being set out of her reckoning, due 
to an unknown error in the course. steered, lies in frequent 
observation of the heavenly bodies, transit marks, &c., with 
which to check the deviation. Observations should be taken, 
when possible, on every change of course, or at least once a day, 
and the ship swung when necessary. It is often possible to 
obtain the deviation for a few directions of the ship’s head, 
when time or opportunity is lacking for obtaining a complete 
swing, and no opportunity of so doing should ever be allowed 
to pass. 


312. The criteria of a good deviation table.—To 
test the deviation table at a glance, the deviation on North 
should equal the deviation on South (with the sign changed), 
and the deviation on East should equal the deviation on West 
(with the sign changed), while the mean of the deviations 
on N.E. and 8.W. should be equal to the mean of the deviations 
on S.E, and N.W. (with the sign changed). It should not be 

u 17415 Ee 
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expected that the deviation table for a badly, placed compass 
will satisfy these conditions, for it will be seen from § 277 that 
they are only strictly true when the coefficients A and H are 
ZeYO. : 
A curve of the deviations shows whether any of the - 
observations, from which the deviation table was constructed, 
were at fault. 


313. Obtaining the variation by observation at 
sea.—Besides finding the variation from observations on shore, 
the variation may be found, and the chart kept up to date, 
from the analysis of the observations taken when the ship is 
swung for deviation, using the bearings of a heavenly body. 


Now 
variation = compass error + deviation, 
and if the deviations on eight or sixteen equidistant points are 
meaned (§ 277) the result is coefficient A. Therefore 


mean variation = mean of compass errors + A. 


Thus, if coefficient A for the compass is known, the variation 
at the place can be found. 

As explained in § 310, when a ship is swung too rapidly, an 
error due to hysteresis, called Gaussin error, is introduced ; 
this causes an apparent A which vitiates the variation, and’ 
its effect 1s felt to a small extent even when the swing is 
carried out quite slowly.. For this reason, when swinging 
to obtain the variation, the ship should be swung in both 
directions, care being taken that the time occupied in swinging 
from point to point is about the same on both occasions ; by 
this means the apparent A will probably be eliminated in the 
mean of the results. This apparent A is generally found to be + 
when swinging to port and. — when swinging to starboard. 

When forwarding results of swings to the Compass depart- 
ment of the Admiralty, care should be taken. to’ give all 
necessary information as to the observations. ‘The direction of 
each swing (starboard or port) should always be stated, for in 
the event of a swing having only been made in one direction, 
the observations may still be used for finding the variation, by 
employing an approximate value of the apparent A, as found from | 
previous observations in the same ship. 


All Arts. 314, 315. 


CHAPTER XXVIT. 


THE GYRO-COMPASS. 


314. Gyrostats and gyroscopes.— <A solid of revolution 
which is capable of rotation about its axis is called a gyrostat, and 
the axis about which it rotates is called the axle of the gyrostat. 
The most important example of a gyrostat 1s the earth, which 
may be termed a natural gyrostat, its axle being the polar axis. 
Now, just as we were able to find direction by employing an 
artificial magnet or magnets, in conjuction with the natural 
magnet, the earth, so we can find direction by employing an 
artificial gyrostat, or gyrostats, in conjunction with the natural 
gyrostat, the earth. On account of gravity it is impossible to 
have a free gyrostat on the earth’s surface, and, therefore, gyro- 
stats are mounted in frames, when they are referred to as 
gyroscopes, a form of which is shown in Fig. 240. 

In this chapter, the rotating wheel of a gyroscope will be 
referred to as the rotor, and the axle of the wheel will be referred 
to as the axle. 

It will be found that, if a considerable spin is communicated 
to a rotor, the axle will endeavour to maintain the same direction 
in space, and will offer considerable resistance to being deflected 
from that direction, but, when forcibly deflected, the axle will 
move in a particular direction with regard to the axis of the 
applied couple. 


315. The effect of a couple on a gyrostat.—A familiar 
example of the effect of a couple on a gyrostat is the case of a 
hoop bowled along the ground. So long as the plane of the 
hoop is vertical, no couple is acting, and the centre moves 
in a straight line, the axle of the 
hoop remaining parallel to itself. If, 
however, the plane of the hoop is in- 
clined to the vertical, say to the left as 
viewed from behind, a couple is intro- 
duced, as shown in Fig. 239, due to 
gravity and to the reaction of the 
ground, and this tends to turn the 
axle of the hoop in the direction shown 
by the arrow. ‘The result is that the 
hoop curves to the left, tending to make 
its direction of revolution the same as 
that shown by the arrow. This move- 
ment of the axle of a gyrostat is called Fic, 239. 
precession, and the law of precession as 
enunciated by Foucault is ‘“‘ every free rotating body, when 
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subjected to some other or new turning force, tends to set 
its axis of rotation parallel to the new axis of rotation by the 
_ shortest path, so that the two rotations take place in the same 
direction.” This law may be illustrated by the following 
experiment. 

Let the rotor (Fig. 240) be rotating in the direction shown 
by the arrow, and let a weight be attached to the frame 
at the point A, then a couple is introduced which is shown by 
the arrows P, P, and this couple tends to rotate the axle about 


B il ey . || 
: A 
Peal h wel f 
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the axis B C. From Foucault’s law we see that the rotor 
will precess in the direction shown by the arrow on the frame, 
in order that 1t may tend to set its axle so that the direction 
of rotation 1s the same as that of the couple. The rotor 
will continue to precess as long as the couple is applied. 
The effect of a couple is, therefore, to make the axle of the 
rotor precess in the plane which contains the axle and the axis 
of the couple. 


316. The effect of the earth’s rotation on a gyro-. 
scope.—At a particular instant let one end of the axle of the 
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rotor shown in Fig. 240 be pointed to the North point of the 
horizon. We may imagine that the North point of the horizon 
at this instant coincides with a star X. Since the axle 
maintains the same direction in space, it always points to X 
notwithstanding the movement in space of the whole gyroscope 
due to the rotation of the earth. 


Now, if we regard the earth as fixed, the star X appears 
to trace a circle on the celestial concave, and its altitude 
and azimuth continually change throughout the day; conse- 
quently, the axle traces out a cone, and the elevation of the 
end of the axle, and the horizontal direction in which it points, 
change with the changes in the altitude and azimuth of X. If 
we name the azimuth a and the altitude 8, the curve which 
results from plotting a and B is as shown in Fig. 241, in which 
N is the North point of the horizon and P the North celestial 
pole. 


If the end of the axle is 
directed to any other point of 
the heavens, the end of the 
axle, produced, traces a con- 
centric circle on the celestial 
concave whose centre is the 
North celestial pole. If the 
end of the axle is directed 
to the North celestial pole, 
the circle reduces to a point 
and there is no motion of , Horizontal 
the axle whatever relative to Cram hai 
the earth. Fig. 241, 


317. The effect of the earth’s rotation on a gyro- 
scope suspended from a point above its centre of 
gravity.—Let us again consider that the end of the. axle, 
at. a particular instant, is directed to the North point of 
the horizon; Fig. 242, which is on the plane of the horizon, 
shows by a dotted circle the path of the imaginary star X (§ 316). 
As explained above, the end of the axle, if produced, traces 
out this circle on the celestial concave, and therefore, after an 
interval, would be directed to some point X’ on this circle. 
At this instant, the end of the axle is directed to the Eastward 
of North, and is tilted upwards through an angle which is 
equal to the altitude of X’. 


Now let us assume that the gyroscope is suspended from a 
point which is above its centre of gravity and that the direction 
of rotation of the rotor is the same as that of the earth. That 
end of the axle which was directed to the North point of the 
horizon will be referred to as the North end of the axle, and 
only the motion of this end will be considered. Due to the 
mode of suspension, the tilt of the axle introduces a’ gravity 
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couple, which causes the North end of the axle to precess to the 


Noy 


Westward. As the earth continues 

to rotate, the angle of tilt increases, 
and consequently the velocity of 
precession increases, until a time 
arrives when the velocity of pre- 
cession (to the Westward) is equal 

to that of the change of azimuth, Ww 
due to the earth’s rotation (to the 
Hastward), and consequently the 
North end of the axle moves no 
further to the Eastward. As the 
tilt, and consequently the velocity 
of precession (to the Westward) S 

continues to increase, the latter Fig, 242. 

become greater than the velocity 

in azimuth, and the North end of the axle commences to move 
to the Westward, and crosses the meridian at a considerable tilt. 

As soon as the North end of the axle is to the Westward of 
North, the tilt commences to decrease owing to the rotation of | 
the earth, and consequently the velocity of precession (to the 
Westward) decreases. <A time, will therefore arrive, when the 
velocity of precession (to the Westward) is again equal to that of 
the change of azimuth (to the Eastward), when the North end 
of the axle will move no further to the Westward. Later the 
velocity in azimuth becomes the greater, and the North end of 
the axle again moves to the Eastward and passes through the 
North point of the horizon. 

If a and B are plotted, as in $316, the result is a very 
elongated ellipse, Fig. 243, which touches the horizontal line at 
N. ‘The semi-minor axis of the ellipse is very small, but in the 
figure the values of 8 have been magnified four times. 
ja Had the North end of the axle been directed to any other 
point of the heavens, it would have traced out a similar ellipse, 
larger or smaller, whose 
centre would have been 
coincident with Y, the 
centre of the ellipse 
described above. Had 

a-— N —+@ Horwontael the North end of the 
Ma. 2 axle been  originall 
ars directed to Y, the alliipel 
would have reduced to a point, and there would have been no 
motion of the axle whatever. 
Bt» The time of a complete oscillation of the North end of the 
axle depends on the distance, between the centre of gravity of 
the gyroscope and the point of suspension, and on the velocity 
of the rotor. These are so arranged in the two types of gyro- 
compasses which are described in this chapter, that the time of 
oscillation is about 85 minutes, which is the same as the period 
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of a simple pendulum, the length of which is equal to the 
radius of the earth. | 

st The North end of the axle of any rotor may be easily 
distinguished, as it is that from which the rotor is seen to 
turn in an anti-clockwise direction. 


318. The damping of the oscillations. of a gyro- 
scope.—lIt has been explained that the North end of the axle, 
except when directed to Y, must be in continual motion. Now 
the motion in azimuth would render such a gyroscope useless 
as a compass, and therefore it is necessary to introduce some 
means of damping the oscillations. In order to reduce the 
amplitude of the oscillations, a couple must be applied to the 
rotor, in such a manner, as to tend to make the axle point 
nearer to Y, or to make it precess towards the centre of the 
elliptic orbit. This is effected by one of two methods, the 
first to be described being that adopted in the “Sperry” 
gyro-compass. | 

If a couple in the horizontal plane is applied to the rotor, a 
precession in the vertical plane is set up; if this couple is 
applied so that the vertical precession .is upwards while the 
North end of the axle is tracing out the arc KNM (Fig. 243), 
and downwards while it is tracing out the are MLK, the result 
is that the North end of the axle moves in a spiral curve, and 
finally comes to rest, directed to a point, which is not ‘on the 
meridian, but has a very slight Easterly azimuth and a slight 
altitude. ‘This point is called the resting position of the axle. 

If the North end of the axle had originally been directed to 
the North point of the horizon, and if a and B are plotted as in 
the previous articles, the result is a spiral curve as shown in 
Fig. 244, where T is the resting position. 


Vertical. 


O-~— N-—C Horizental. 
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If the North end of the axle had been directed to any other 
point of the heavens, the result would be a curve of similar 
form, but in every case the resting position 7’ would be the same. 

The mechanical arrangements for the provision of this 
couple will be described in § 322. 

The second method by which the oscillations may be damped 
is that employed in the “ Anschiitz” (three gvro) gyro-compass. 
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If a couple in a vertical plane is applied to the rotor, a 
precession in the horizontal plane is set up; it this couple 
is applied, so that the precession of the North end of the axle is 
to the Westward while the end of the axle is tracing out the 
arc LEN (Fig. 248), and to the Eastward while it is tracing out 
the are NML, the result is that the North end of the axle moves 
in a spiral curve, and finally comes to rest directed to a point 
on the meridian which is not the North point of the horizon. 
This point is the resting position of the axle. 

If the North end of the 
axle’ had originally been 
directed to the North 
point of the horizon, and if 
a and B are plotted as in 
the previous articles, the 
result is as shown in 
Fig. 245, where V is the 
resting position. 

Oa at Com Lon ZQutsy If the North end of the 

Fig, 245. axle had been directed to 

: 3 any other point of the 

heavens, the result would be a curve of similar form, but in 
every case the resting position V would be the same. 


_ The mechanical arrangements for the provision of this couple 
will be described in § 325. au 


Vertical. 


319. The effect on a gyroscope when carried on 
board ship.—In the previous articles, the movement of the 
gyroscope in space was assumed to be due to the rotation of 
the earth alone, and therefore its direction of movement to be 
Kast. When the ship is steaming on any course, other than East 
or West, the direction of movement of the gyroscope in space is not 
Kast, but slightly to the North or South of it, according as the 
course 18 Northerly or Southerly. The ship’s course and speed 
may be resolved into the : 
speed in latitude (V_ cos 
course), and the speed in 
departure (V stn course), ¢ 
where V is the speed of 
the ship in knots. In 
Fig. 246, let AC represent 
the speed: of the ship in 
the direction North or South, 
then .AC. represents the Vicon coun 
speed of the ship in lati-.  \[¢-,4.-------------2s= D 
tude, V cos course. © Let 
AB represent the speed of A T500 Coc LD HV Er coLe 
the ship in an FEasterly Fire2 
direction, then AB repre- Doha 
sents the speed of the ship in space due to the rotation of the 
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earth -+ the speed of the ship relative to the earth; therefore, 
AB represents 
; (900 cos L + V sin course) knots 

where L is the latitude of the ship. The resultant direction of 
movement of the gyroscope in space, is along the line AD, and 
therefore the axle lies along the line AH, which is perpendicular 
to AD. Let the deflection (CAE) of the North end of the axle 
be denoted by 6. 


GLB ia V cos. course 
AB 900 cos L + V sin course: 


_ V eos course 


aOg aR eS 
rt _1 V eos course 
ES A Lara eae 


From this formula the deflection may be calculated for any 
given latitude, course and speed. It will be seen that the 
North end of the axle lies to the Westward of the meridian 
when the course is Northerly, and to the Eastward of the 
meridian when the course is Southerly. 

This deflection 6 is mechanically, and semi-automatically, 
allowed for in the ““ Sperry ” gyro-compass. In the “ Anschiitz ” 
gyro-compass, 6 has to be applied to any course steered, or 
bearmg taken, in the same way as the deviation of the 
magnetic compass. 


320. The effects of the rolling and pitching of the 
ship on a gyroscope.—A gyroscope has great inertia in 
the vertical plane of the axle, which we may call the North 
South vertical plane, and cannot oscillate as a pendulum in this 
plane, without simultaneous oscillation taking place in the 
horizontal plane, due to precession ; the period of oscillation in 
the North South vertical plane is, therefore, about 85 minutes 
($ 317). In the East West vertical plane there is no gyroscopic 
effect, and the gyroscope may therefore oscillate in that plane as 
a simple pendulum. When a ship rolls and pitches, the 
gyroscope on board will oscillate in the East West vertical 
plane, due to the periodic impulses imparted to it by the motion 
of the ship, and the more nearly the periods of the ship, and of 
the gyroscope in the Hast West vertical plane, synchronise 
the greater will be the amplitude of the oscillations. 

When the ship’s course is along or perpendicular to a 
meridian, the impulses due to rolling and pitching should have 
no effect on the gyroscope, because everything is symmetrical, 
and the impulses are alternating in direction. When a ship is 
steering on any other course, the impulses act unsymmetrically 
with regard to the Kast West vertical plane, and a horizontal 
couple is introduced, which increases or decreases the tilt of 
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the axle, and consequently causes the North end of the axle to 
be deflected shghtly from its resting position. 

The direction of this deflection varies with the course, and 
the effect of pitching is opposite to that of rolling. The 
direction of the deflection under various conditions is as 
follows :— 

Course N. Wly. or 8. Ely. Rolling. Deflection Westward. 


x, Pitching. ey Kastward. 
,.. N. Ely. or 8. Wly. -Rolhing, " rs 
. & Pitching. - Westward. 


This deflection 1s not very great in the two types of gyro- 
compass described in this chapter, because they are so 
constructed, that the period of oscillation of the compass in the 
Kast West vertical plane does not synchronise with the average 
period of rolling or pitching of a ship. ‘The possibility of the 
existence of this deflection must be borne in mind when the 
ship is in a sea way, as under certain circumstances it has been 
found to be as much as 5°. Experiments are now being carried 
out, with the object of determining a method for the elimination 
of this error. 


321. Description of the ‘“‘ Sperry ” gyro-compass.— 
The “Sperry” gyro-compass consists of a stand or binnacle 
which supports a frame, which in turn, supports the sensitive 
element and card. . 

The frame J, Fig. 247, is pivoted ina gimbal ring K, by 
suitable bearings L,, L, The ring K is pivoted in bearings 
L, in another ring, which is suspended by a large number of 
spiral springs from the upper edge of the binnacle. The rotor, 
driven by a three-phase stator, at about 8,600 revolutions per 
minute, rotates on a horizontal shaft A, within an airtight case 
B, from which the air has been partially exhausted by means of 
a small hand pump. The case B is pivoted on a horizontal 
axis CU, which passes through its centre of gravity, and is 
supported in a vertical ring D. 

The ring D is supported by a torsionless wire H, and mounted 
in bearings I’, F',, which allow a free oscillation, of limited 
amount, about the vertical axis within an outer ring G, called 
the phantom. ‘The phantom has a hollow stem H, to which the 
strand ff is attached at its upper end. The rotor and phantom 
are capable of turning in azimuth, with reference to the frame 
J, about the stem H. 

Within the frame is mounted a follow-up motor M, which 
drives a gear wheel N; the gear wheel N is rigidly connected 
to the phantom G, and the motor M is driven through electric 
contacts on the ring D, in such a manner that every motion of 
the rmg D in azimuth is immediately followed by an exactly 
similar motion of the phantom G. Thus we see, that any twist 
introduced in the wire strand H, by the motion of the rotor in 
azimuth, is instantaneously removed by the phantom G, which 
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supports the upper end of the wire strand, making an exactly 
similar movement; this system provides an almost frictionless 
suspension. Gravitational stability is imparted to the rotor 
casing B, by a “bail-weight” 2, which is pivoted on the 
phantom at C, and connected to B by means of a small 
pivot-S. 
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Fig. 247. 


The compass card O, the graduations of which are the same 
as those of the magnetic compass, except that the degrees are 
marked from 0° to 359° clockwise from North, is secured to the 
phantom in such a manner that the North South line of the 
eard is parallel to the axle A. 


322. Damping of the oscillations of, and the auto- 
matic correction of the “Sperry” gyro-compass.— 
In order to introduce the horizontal couple necessary to provide 
the damping described in § 318, the pivot S (Fig. 247), con- 
necting the heavy bail F to the rotor casing B, is placed slightly 
eccentrically, its distance from the vertical axis of the rotor 
being about $ inch. As the bail is pivoted at points which are 
above its centre of gravity, its natural tendency is to hang 
vertically downwards; when the axle is tilted, the pin S 
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raises the bail from its normal position, and the eccentricity of 
the pin S causes the gravity couple on B to have a horizontal 
component, which provides the necessary vertica] precession 
to reduce, or increase, the tilt; the instrument comes to rest 
with the North end of the axle directed to the point 7’ of 
the celestial concave as described in § 318. This point 7’ is 
slightly to the East of North and has a slight altitude, except 
when the instrument is on the equator; the deflection of the 
North point of the compass varies as the tangent of the latitude. 

We have now to show how this deflection and that due to 
the ship’s motion (§ 319) are allowed for. On the frame are 
two dials, one marked “ Latitude” and the other ‘“ Knots,” 
which should be set to the latitude and speed of the ship 
respectively. ‘The setting of the latitude dial places the lubber’s 
point at an angle r tan Lat. to the fore-and-aft line, where 7 is 
the number of degrees in the angle F',AS. Attached to the 
phantom is a tilted grooved ring P; an arm, which is in con- 
nection with the mechanisms controlled by the two dials, works 
in the groove. When the ship alters course, the tilted ring 
rotates relative to the arm, which therefore moves up or down 
in the groove of the ring; the tilt of the ring is such that the 
vertical movement of the arm varies as the cosine of the course. 
The arm communicates its movement through the latitude and 
speed mechanisms to the lubber’s point, and sets it at an angle 8 
to its normal position for the latitude. Thus the combined 
effect is that the lubber’s point is set at an angle 6 — 3, to the 
fore-and-aft line, where 


V cos course 
900 cos Lat. 


In order that the axle may be horizontal when no precession 
is taking place, an arrangement is provided for altering the 
centre of gravity of the bail, the centre of gravity being moved 
to the North when in North latitude and to the South when in 
South latitude. A level which is parallel to North South line 
of the card, is provided, and the position of the bubble indicates 
the angle of tilt of the axle; with experience the amount and 
direction of the deflection of the North point of the card from 
the meridian may be estimated from the position of the bubble. 
This is of considerable value, because after the rotor is first 
started, and has been precessing freely for a short time, the 
indication of the level may be taken as an approximate measure 
of the deflection, and the compass may be set by hand 
approximately on the meridian. 


6 = tan? 


and 6, = r tan Lat. 


323. The “Sperry ” receivers.—The alteration of the 
lubber’s point, described above, would appear at first sight 
to only correct the compass for the course steered. Now the 
compass described above, called the master compass, is placed 
at some well protected position in the ship, in general in the 
lower conning tower, and in this position it is only used for 
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observing the direction of the ship’s head. The movements of 
the master compass are conveyed electrically to instruments, 
called receivers, or repeating compasses, which are placed as 
convenient at different steerin g positions, and on the manceuvring 
platform. A “Sperry” receiver is illustrated in Fig. 248. 
The card is driven through gearing by an electric motor, and 
the instrument may be mounted in any position, but it is 
generally mounted vertically on a bulkhead, or horizontally 
in gimbals in a pedestal. When mounted on a manceuvring 
platform, it is supported in gimbals, and is fitted with’ an 
azimuth mirror, very similar to that described in § 301. The 
graduation of the card, opposite to the lubber’s point of the 
receiver, is always the same as that opposite to the lubber’s 
point of the master compass; as the necessary corrections 
are applied by moving the lubber’s point of the master compass, 
the direction of the ship’s head, as indicated by the receiver, 
is true. If the receiver is mounted in gimbals, so that it is 
horizontal, and if its lubber’s point is in the fore-and-aft line, 
directions Phown by it will be true. 

When laying off courses, or lines of bearing, obtained from 
observations with this compass, it is convenient to lay them off 
from the outer graduated circle of the compass rose engraved on 


the chart, because this is graduated in the same manner as the 
compass card. 


324. Description of the Anschutz (three gyro) 
gyro-compass.— The Anschiitz (three gyro) gyro-compass 
consists of a metal stand or binnacle which supports a frame- 
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work, inside of which is a bowl and card. The framework 
(Fig. 249), is pivoted in a gimbal ring B; this ring is 
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pivoted in another C, which is suspended by a large number of 
spiral springs D from the upper edge of the binnacle. 

Inside the framework is the bowl F, the axis #’ of which can 
turn in ball bearings in the lower part of the framework. The 
rotation of the bowl relative to the framework is required 
in connection with the transmission system to the compass 
receivers, and is effected by means of an electrical apparatus 
Gat the bottom of the framework. A stem H, supported by 
three arms J, is for the purpose of ronreyL nes the electrical 
current to the gyrostats, and for 
keeping the card central. 

A section of a portion of the card 
is shown in Fig. 250. Attached to 
the float K, which is immersed in 0 
mercury contained in the bowl, is & 
a conical tube L.; at the bottom of 
this tube is the bearing surface M 
for the projection of the stem. H, as 
shown in Fig. 251. At the top of 
the tube L is secured a triangular 
shaped casting N, which carries ae 
three gyro-casings X, Y, Z, in me 
ball ee, : Fa. 250. 

The graduations of the card are marked on the horizontal 
ring O, the graduations being the same as those of a magnetic 
compass, except that the degrees are marked from 0° to 359°. 
The South point of the card (180°) is on that radius of the card 
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which intersects the stem of the gyro-casing X, the stems of 
Y and Z being 120° from that of X. ° 

The axle of the gyro X is maintained parallel to the North 
and South line of the card by means of two spiral springs, and 
the axles of Y and Z make angles of 30° with the North South 
line of the card when in their central positions. 

In Fig. 252 are shown the three gyro-casings, X, Y and Z, 
as viewed from below the compass card. 

The casings Y and Z are connected by means of a system of 
three levers P, which only allows the casings to turn about their 
vertical stems in opposite directions. The position of the axles 
of the gyrostats are normally maintained at an angle of 30° on 
either side of the North and South line of the compass card, 
by means of two spiral springs Q. ! 

The gyrostats are driven at 20,000 revolutions per minute, 
by means of three-phase induction motors, the directive force 
of the system being due to the action of X and the resultant 
effects of Y and Z. 


325. Damping of the oscillations of, and apply- 
ing the corrections to the “Anschutz” (three 
gyro) gyro-compass.—In order to introduce the vertical 
couple necessary to provide the damping described in § 318, 
the three gyro-casings X, Y, Z, are enclosed in a casing R, 
earried by the floating system (Fig. 250), at the bottom of which 
is a circular trough S; this trough is partially filled with oil, 
and is divided into small compartments by means of diaphrams 
which have orifices in them. When the compass is not point- 
ing true North, the card is tilted, and the oil flows slowly to 
the lower side of the trough. On the North point of the card 
passing the meridian, the card commences to tilt the other way, 
the oil in the trough comes into play, and acts against the 
tendency to tilt, and so retards the rate of precession. The oil 
slowly crosses the trough, and the flow is so restricted by 
means of the diaphrams, that the oil always just reaches that 
side of the trough which is about to rise owing to the continual 
alteration in the tilt of the card. The result is that the 
North point of the card traces a spiral (§ 318) and comes to 
rest in the direction of true North in about 24 to 3 hours. 

The oil in the trough is also made use of to provide 
lubricant to the bearings of the three rotors by means of the 
wicks 7’. 

Let us now consider the effect of a ship’s motion in a sea 
way on the indications of the gyro-compass, and let us first con-- 
sider the effect of the North or South point of the compass 
card being depressed. It will be seen from Fig. 252 that all 
three gyrostats will precess in the same direction, and since the 
two gyrostats Y and Z are connected together by a system of 
levers as shown, the angle between their axles and the North 
South line of the compass card will not change, but the card 
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will revolve to the right or left due to the precession of all three 
gyrostats. ‘T’he card will subsequently regain its horizontal 
position after one or two oscillations, the period of which is 
about 90 minutes. 

If the East or West point of the card is depressed, X 
is merely turned in its plane of rotation, and therefore does not 
precess; Y and Z have opposite ends of their. axles depressed, 
and consequently precess equally in opposite directions, causing 
a disturbance of the equilibrium of the two springs Q, which 
tend to maintain these gyrostats in their normal positions relative 
to the compass card. The springs reassert themselves and the 
ecard regains its horizontal position after a few swings, the 
period of which is about one minute. ‘This equal and opposite 
precession of the gyr ostats Y and Z does not deflect the compass 
card, but its effect is to greatly increase the period of oscillation 
of the compass in the Kast West vertical plane, and thus avoid 
any possibility of synchronism between the periods of the ship 
and compass (§ 320). | 

T'wo levels are fitted on the card: that which lies North and 
South indicates when the compass has finally settled down in 
the direction of the meridian, by its bubble then remaining 
stationary ; that which lies Kast and West merely indicates the 
horizontality, or otherwise, of the card in that direction. 

The angle 6, which depends on the latitude, course and 
speed, should 4, applied in the same manner as the deviation 
of a magnetic compass, as follows :-— 

Given the compass direction, to find the true-- 

Apply 6 + or — accor ding as the course is South or North, 
Given the true direction, to find the compass— 

Apply 6+ or -- according as the course is North or South. 
The values of 6 for various latitudes, courses, and speeds are 
calculated from the formula in § 319, and sa beilen ae on cards 
which are supplied with each compass. 

To test the accuracy of the gyro-compass, its deflection from 
the meridian should be found in the same way as the deviation 
of the magnetic compass ($ 306); this deflection, if the instru- 
ment is correct, should agree with the tabulated value of 8. 

The Anschiitz master compass, which has been briefly 
described above, is usually mounted in a well protected position, 
generally in the lower conning tower, and receivers or 
repeating compasses are provided similarly to the Sperry gyro- 
compass. 


326. The “ Anschutz” receivers.— An “ Anschiitz ” 
receiver is illustrated in Fig. 253; its card is graduated ina 
similar manner to that of the master compass, and concentric 
with it is a smaller card which makes one revolution for every 
alteration of course of ten degrees. The whole cir cumference of 
the latter is graduated from 0 to 10 and each space is called a 
degree ; each space which represents a degree is subdivided into 
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tenths. The card is driven through gearing by an electric 
motor, and may be mounted in any position, but it is generally 
mounted vertically on a bulkhead, or horizontally on a pedestal. 

As far as the course is concerned the direction of the 
lubber’s point is immaterial, but, if the receiver is to be used 
for taking bearings, the lubber-line should be fore-and-aft, in 
order that the North South line of the receiver card may 
be parallel to that of the master compass. For this reagon, 
when mounted on a manceuvring platform, the receiver is 
supported in gimbals, and is fitted with an azimuth mirror, very 
similar to that described in $301. The inner compass card 
enables the direction of the ship’s head to be read -off with great 
accuracy, and when the ship is under way the card is almost 
continuously moving as the ship yaws slightly to the right or left 
of her course ; it is also of considerable value when conning the 
ship, altering course, &c., because the instant at which the 
ship has ceased to swing can be readily determined. 

As the deflection due to the course and speed of the ship is 
not allowed for in the master compass, it must be applied to all 
courses steered, or bearings taken, with the receivers, in the 
manner explained in the previous article. 

When laying off courses, or lines of bearing obtained from 
observations with this compass, it is convenient to lay them off 
from the outer graduated circle of the compass rose engraved on 
the chart, because this is graduated in the same manner as the 
card of the gyro-compass (§ 23). 
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CHAPTER XXVIII. 


THE SEXTANT., 


327. The principle of the sextant.—The sextant is an 
instrument designed for the measurement of angles, particularly 
at sea, where the motion of the ship precludes the use of fixed 

-instruments. As will be understood from Part I., the sextant is 
a most important navigational instrument, since it is used in 
nearly all observations for determining the ship’s position. 

The optical principle embodied in the sextant is that if a ray 
of light suffers two successive reflections in the same plane by 
two plane mirrors, the angle between the first and last directions 
of the ray is twice the angle between the mirrors. This may be 
shown as follows. 

Let a ray of light from the point X, Fig. 254, suffer reflection 
at the points J and H of two plane mirrors whose planes are 
perpendicular to the plane of the paper, the angles to the 


x 
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normals at J and H being @ and ¢ respectively. Let the ray 
XI intersect the last ray in A, so that [AH 1s the angle between 
the first and last rays. Let the normals to the mirrors intersect 
at B, so that [BH is the same as the angle between the mirrors. 
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In the triangles JAH and [BH we have 
| TAH = 26 — 2¢ 
and IBH= @- @ 


Therefore JAH = 2 IBH ; that is to say, the angle between the 
first and last directions of the ray is twice the angle between the 
mirrors. 


Now, suppose that a ray of light from another point Y, 
Fig. 255, coincides with the ray HA: then the angle subtended 
at A by the arc XY is the angle XAY, or twice the angle 
between the mirrors. 

x 
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Again, suppose that the mirror J can revolve about a fixed 
axis, perpendicular to the paper, then, if X’ is another point in 
the plane of XY, the ray from X’, after reflection at H, can be 
made to coincide with YA by suitably revolving the mirror 
I, and the angle X’A’Y is twice the new angle between the 
mirrors. Thus, with the aid of the two mirrors, we can find the 
angle subtended by the arcs YX, YX’, &., at various points 


along YH produced. 
Now | 
ALY = KAY, AVS 
and | 
sin AY? = sae 


F 
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so that, if we measure angles at the fixed point J by means of 
the two mirrors, and denote the angle AYI by p, we have 


XIY = 2 (angle between mirrors) + p, 
where 


IH sin 26 


Hay), 


From the following description of the sextant it will be 
seen how the optical principle is embodied, and it should be 
observed that the angle p, called the sextant parallax, may 
generally be neglected, since JH is very small compared with 
the distance between the points J and Y. 


Si ps 


328. Description of the sextant. — The sextant, 
Fig. 256, consists of a metal frame A, one edge of which is a_ 
circular arc CD ; an arm 8, called the index bar, can rotate about 
the centre of the arc. Standing perpendicular to the frame 
is a small frame H, in which is fitted a glass mirror called the 
horizon glass, the upper part of which is usually unsilvered, 
small screws being provided for adjusting the position of the 
mirror. Standing on the index bar over the centre of the are 
is another small frame J, which carries a mirror called the 
index glass. 

The are CD is graduated, and the graduations are so arranged 
that, when the index glass is parallel to the horizon glass, an 
index on the index bar points to the zero O of the scale. 
The graduations are continued over a small are on the other 
side of O, which is called the arc of excess. The index bar 
may be secured in any position on the are CD by means of 
a clamping screw beneath it, and, when clamped, it may be 
given a slow motion to one side or the other by means of a 
screw H, called the tangent screw, ‘The setting of the index 
on the scale may be accurately determined by means of a 
vernier, which will be explained in § 329 ; a small microscope F’, 
carried on an arm pivoted on the index bar, is provided to 
facilitate the reading of the graduations. 

The telescope G is carried in a collar J, which can be raised 
or lowered at will by means of a milled head K beneath the frame ; 
the telescope is so arranged that its axis makes the same angle with 
the plane of the horizon glass, as the line joining the centres of 
the index glass and horizon glass. ‘Two sets of coloured shades, 
L and M, are provided for use when taking observations of 
bright objects. On the opposite side of the frame to that shown 
are three legs and a wooden handle N. 

When measuring an angle subtended by two objects, the 
observer, looking through the telescope, sees one object 
through the unsilvered part of the horizon glass, and the image 
of the other object after reflection at the index and horizon 
glasses; the relative amount seen of each object is governed 
by the height of the collar. Therefore, from the previous 
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article, we see that the angle subtended by two objects at the 
index glass is twice the angle between the index and horizon 
glasses + the sextant parallax. Now the angle through which 
the index has moved, from the zero of the scale, is the same as 
the angle between the mirrors; therefore, in order that the 
reading of the index on the graduated arc may represent twice 
the angle between the mirrors, each degree of the arc is 
graduated into two equal parts called degrees. These are 
again subdivided into six equal parts, each of which is called 
ten minutes. 3 


329. The vernier.—When it is required to read a small 
graduated arc, such as that of a sextant, to a close degree of 
accuracy, a supplementary graduated arc, called a vernier, is 
employed. The vernier fits closely to the graduated arc of the 
instrument under consideration, and the method of ascertaining 
the correct reading will be understood from the following. 

Let the value represented by the distance between two 
adjacent graduations of the instrument be a, and suppose that 
it is required to read the setting of the index to a degree of 


a 
accuracy d, and that d = a Take an arc of the same curvature 


and of such a length as to represent (n — l)a, and divide it 
into n equal parts; then the value represented by the length 


( 


eS —] 
of each division of this arc is Can: so that the difference 


between the values represented by a length of a division of the 
scale and a length of a division of the arc is 
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In Fig. 257 let CD be the scale of an instrument graduated 
from right to left and VW a vernier. Let the index of the 
instrument and the zero of the vernier coincide at V, the 
graduations of the vernier being numbered as shown. 
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Let O be the zero of the arc, then the setting of the index is 
Ox-+a small amount, «V. In order to read the exact setting of 
the index, look along the vernier and note that the sixth gradua- 
tion exactly coincides with the graduation g of the scale, then 


eV = xg — VO= 6d. 


Thus the setting of the index is Ox + 6d, and it will be noticed 
that the limit of error in reading 1s d. 
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In a sextant, as the are is generally graduated to read 
every 10’, the vernier is usually constructed so that 120 of its 
divisions are equal to 119 divisions of the arc; as this would 
give d a value of 5’’, which is a degree of accuracy unneces- 
sary In navigation, only every other graduation of the vernier 
is engraved, so that the setting of the index of the sextant can 
be read to 10”. 

When reading off angles on the are of excess, it 1s necessary 
to read the vernier from the opposite end—that is, from left to 
right—and to count the divisions from the left. 

The vernier of any instrument, should always be in perfect 
contact with the scale of the instrument, in order that there 
may be no doubt as to which graduation of the vernier is in 
coincidence with a graduation of the scale. 


330. The sextant telescopes.—A sextant is generally 
provided with two telescopes and a plane tube, the latter, as its 
name implies, being merely a tube, with no lenses, provided for 
the purpose of ensuring that the line of sight is parallel to the 
plane of the instrument. It is of little practical value, because 
a telescope should always, when possible, be employed when 
taking observations. 

The principal telescope is called the inverting telescope, 
because, on account of the arrangement of the lenses, objects 
seen through it appear to be inverted. It is provided with two 
eye-pieces, one of which is of higher magnifying power than the 
other; each cf them is fitted with cross-wires at its focus in 
order to define the line of collimation, which is the lne joining 
the focus to the centre of the object-glass. The eye-piece of 
higher power generally has two cross-wires, while the other has 
four. 7 

Besides the inverting telescope, sextants are usually provided 
with a star telescope, which is bell-shaped and has a large 
object-glass; it is an erecting telecsope, and its magnifying 
power is not high, being intended for use when taking observa- 
tions of stars. Its large object-glass is for the purpose of 
overcoming the restriction of the field of view due to the 
erecting eye-piece. The star telescope is also of considerable 
value when measuring angles between two terrestrial objects, 
for it ensures that the contacts are made exactly, and it should 
always be used when taking such observations. 

A certain number of coloured eye-pieces are provided, which 
may be placed over the eye-piece of the telescope when it is 
desired to reduce the brilliancy of the direct and reflected objects 
equally, such as, for example, when taking observations of the 
sun in an artificial horizon; this obviates the danger of intro- 
ducing an error due to a possible lack of parallelism in the 


glass shades (§ 148). 


331. The sextant parallax.—lIt has been explained that 
the angle subtended at the index glass is equal to the angle 
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shown on the sextant + thé sextant parallax. Now from § 327 
we have | 
IH sin 2¢ 

D 9 


where J is the distance of the object seen through the un- 
silvered portion of the horizon glass. From this formula we 
see that the greater the distance of the object Y the smaller is 
the parallax; for example, in a sextant in which 2¢ is 33° 06’ 
and IH 3 inches, we have the following corresponding values of 


p and D :— 


sin p = 


p D 

1 5°33 miles. 
10” 4°6 cables. 
60” 156 yards. 


Therefore, when an angle is being observed between two objects, 
one of which is very close to the observer, the sextant telescope 
should be directed to that object which is furthest away. The 
error due to sextant parallax may be allowed for as explained 
in §336, but it will be seen that, unless the distances of the 
objects are very small indeed, the sextant parallax is in- 
appreciable and may be neglected. 


332. The errors of .the sextant.—We have now to 
consider the various errors to which the sextant is lable, and 
the means by which they may be ascertained and eliminated. 
The principal errors may be summarised as follows :— 


(1) Error of perpendicularity. The index glass should be 
perpendicular to the plane of the instrument. 

(2) Side error. The horizon glass should be perpendicular 
to the plane of the instrument. 

(3) Collimation error. The line of collimation should be 
parallel to the plane of the instrument. 

(4) Index error (I.E.). The horizon glass should be 
parallel to the index glass when the index is at zero. 

(5) Centering error (C.E.). The pivot on which the index 
glass revolves should be concentric with the graduated 
are. 


Besides these there are numerous small errors due to faulty 
construction and graduation, and to lack of parallelism between 
the back and front of each of the glass mirrors and shades. 

A sextant, before being purchased, should be sent to the 
National Physical Laboratory at Teddington, where a complete 
examination will be made, and any errors will be pointed out to 
the makers for rectification. Provided the errors are small, 
a certificate is granted as explained in §337. Since it is 
probable that ill-treatment, or change of temperature, may 
subsequently introduce error in the shades, it is advisable, as 
explained in $148, when taking observations of the sun in an 
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artificial horizon, to use one of the coloured glass eye-pieces ; 
any error in these will not affect the observations, because 
both the direct and reflected images are seen through it. 
We shall now deal with the five principal errors separately. 


333. The error of perpendicularity.—The index 
glass should be perpendicular to the plane of the instrument. ‘To 
examine if this is so, set the index near the middle of the arc. 
Hold the instrument horizontally with the index glass towards you, 
and look obliquely into the index glass, the eye being in the plane 
of the instrument and near the index .glass. The reflected image 
of the arc should now be seen in an unbroken line with the are 
itself. Should the line appear broken, the index glass needs 
adjustment before observations are taken, and this can be 
effected by means of a small screw in the centre of the upper 
part of the frame of the index glass. 


334. Side error.—The horizon glass should be perpen- 
dicular to the plane of the instrument. 'To examine if this is so, 
the error of perpendicularity should be first eliminated ; then, 
with the inverting telescope in place, look at some well-defined 
distant object, preferably a heavenly body, and move the index 
towards and beyond the zero of the scale. Should the reflected 
image pass exactly over the direct image no error exists, but 
should it not do so the horizon glass needs adjustment before 
observations are taken, and this can be effected by means of a 
small screw in the centre of the upper part of the frame of the 
horizon glass. 


335. Collimation error.—The line of collimation should 
be parallel to the plane of the instrument. 'To examine if this is 
so, the error of perpendicularity and side error having been 
eliminated, with the inverting telescope in place, turn the 
eye-piece until two of the wires are parallel to the plane 
of the instrument. Select two heavenly bodies, the angular 
distance between which is not less than 90°, and bring 
them into accurate contact on one wire of the telescope ; 
before the angular distance changes, move the sextant until 
the bodies are on the other wire, when they should still be 
seen in contact; if not in contact there is collimation error, 
and this should be corrected by means of the two screws on 
the collar. It may be noted that if the two bodies appear to 
separate on the wire furthest from the plane of the instrument, 
the object-glass end of the telescope droops towards the plane 
of the instrument, and vice versd, but it should be remembered, 
when interpreting this rule, that the telescope inverts the 
positions of the cross-wires. If the adjustment is accurately 
made, any two images which are seen in contact on one wire 
will appear to slightly overlap if moved to the centre of the 
telescope. 
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The line of collimation may be approximately tested as 
follows. Place the sextant horizontally on a-table, and lay the 
inverting telescope on the arc, so that the tube of the telescope 
rests on the are. The axis of the telescope should now be 
parallel to the plane of the instrument. Look through the 
telescope and make a mark on some object, the distance of 
which is not less than 20 feet, to coincide with the centre of 
the cross wires. Screw the telescope into the collar and make 
another mark above the first, at a distance from it equal to the 
vertical distance between the two positions of the telescope. 
The upper mark should now be seen in the centre of the cross 
wires ; should it not be so the collar requires adjustment. 

When adjusting the collar, one screw should first be eased 
back, and then the other tightened a similar amount. 


336. Index error.—The horizon glass should be parallel to 
the mndex glass when the index D 
as at zero.—In Fig. 258 let DV 
be the setting of the index 
bar when the horizon glass is 
parallel to the index glass, 
then V is the point at which 
the graduation should be zero. 
If the graduation is zero at 
some other point O, the 
measurement of any angle will 
be in error by OV, which 
will be — or + to the mea- 


sured angle according as V is Sika. 
on the are or on the arc of P 
excess (off the arc). Fig, 258. 


Now when the index glass is parallel to the horizon glass 
and both are perpendicular to the plane of the instrument, 
the direct and reflected images of a very distant object, such 
as a heavenly body, appear to coincide. Therefore the index 
error may be found by bringing the direct and reflected images 
of a star into coincidence, the collimation error having first 
been eliminated ; the reading of the index will be the index 
error, + or — as indicated above. 

If no heavenly body is available, the index error may be 
found by aid of a distant terrestrial object or the sea horizon. 

The index error may also be found by measuring the sun’s 
diameter on and off the arc. Let P and Q be the positions of 
the index when the sun’s diameter is measured on and off the 


are respectively, then the readings on and off the arc are OP 
and O(, and, since VP = VQ, we have 


OP + OV = 00 — OV. 
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so that the index error OV is half the difference of the readings, 
being + when the reading off the arc (OQ) is greater than the 
reading on the are (OP), and vice versa. Since refraction affects 
the upper and lower limbs of the sun to a different extent, 
the observation should be made between the right and left 
limbs. In order to check the accuracy of the observation, it 
should be remembered that the sum of the two readings divided 
by four should give the semi-diameter of the sun, and should 
therefore agree with the semi-diameter tabulated in ‘the Nautical 
Almanac for the day in question. 

When taking observations of the sun in an artificial horizon, 
the index error may be found in a similar manner, by making use 
of the reflected image of the sun as seen in the artificial horizon. 

The index error, being a correction which is the same for 
every angle observed, need not be eliminated, but, being very 
liable to change, should be determined whenever observations 
are taken. 

Should it be desired, the index error may be eliminated as 
follows :—W ith the index set to zero, direct the inverting tele- 
scope at a star, and bring the two images into coincidence by 
means of a small screw at the base of the frame of the horizon 
glass. As this adjustment throws out the original adjustment 
of the side error, the latter should now be read justed ; another 
adjustment of the index error should now be made, and so on 
till the instrument is correct. 

The adjusting screws should only be touched when necessary, 
and then only with caution ; it is better that the errors should 
exist, provided that they can be allowed for nearly, than that the 
instrument should be damaged by attempts at a perfect adjust- 
ment by inexperienced persons. 

When it is necessary to measure the angle subtended by two 
objects which are close to the observer, the sextant parallax 
may be determined and allowed for, in conjunction with the 
index error, by bringing the direct and reflected image of the 
object Y, Fig. 248, into coincidence ; the angle shown on the 
sextant is then index error + parallax, and this may be applied 
as a correction to any angle subsequently measured between Y 
and another object, provided that the sextant telescope is 
directed to Y. 


337. Centering error.—The pivot on which the index 
glass revolves should be concentric with the graduated are. The 
error introduced by the eccentricity of the pivot is different for 
different angles measured, but included in what is generally 
known as centering error are the various residual small errors 
mentioned in § 332. 

When a sextant is under examination at the Royal Physical 
Laboratory, the centering (total) errors for various angles are 
observed and tabulated. The result of the examination is 
stated on a certificate, which is pasted on the inside of the lid 
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of the sextant box. An A certificate is granted when the 
centering error does not exceed 40’, the errors being found for 
every fifteen degrees of the arc; a B certificate is granted when 
the centering error does not exceed 2’, the errors being found 
for every thirty degrees of the arc; no certificate is granted if 
the error exceeds 3’. 

The centering error corresponding to an observed angle 
should be applied in the same manner as index error, but it 
should not be assumed that the centering error remains constant 
at the tabulated value for a very long time, and therefore the 
centering error for various angles should occasionally be 
redetermined, and this may be done as follows. 

In Fig. 259 let Z be the zenith of an observer 0, and CY the 
plane of the equator. Let X,and X, be the true places of two 
heavenly bodies South 
and North of the zenith, 
and approximately of 
the same altitude. Let 
the centering error, 
corresponding to the 
altitudes observed in 
an artificial horizon, be 
+ ¢, then the double 
altitudes observed are 
too small by ec, the 
altitudes too small by 


5 Pees enith® dis: | 


C 
tances too great by 5. 


Therefore, due to the | k 
altitude of X,, the Fie, 209. 
observer imagines his zenith to be at Z,, and, due to the 
altitude of X,, the observer imagines his zenith to be at Z,. 

Now it is obvious from the figure that 

Z,0Q — Z2,0Q = ¢, 

so that the centering error, corresponding to the observed angle 
in the artificial horizon, is equal to the difference between the 
latitudes obtained from the two observations ; it is + when the 
latitude found from the body which is on the equatorial side of 
the zenith is the greater, and vice versa. 

This observation for centering error should be taken in an 
artificial horizon, on account of the possibility of the dip of 
the sea horizon being differently affected by refraction in the 
North and South directions, and care should be taken to apply 
the full corrections for refraction to the observed altitudes. 

The centering error may also be found by correcting the 
observed angular distance between two stars for index error and 
refraction, and comparing the result with the actual angular 
distance as found by calculation. In order that it may be 
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possible to easily correct the observed distance for refraction, the 
stars should be on the same circle of altitude, that is, their 
azimuths should be the same, or opposite, and their altitudes 
should be observed. . The correction for refraction is the 
difference or sum of the refractions corresponding to the two 
altitudes, according as the azimuths of the stars are the same or 
opposite. é 


The true angular distance 
AX. in” Fig. 260 "may, be 
easily found, for in the triangle 
PX X,,. PX, and=PxXGeare othe 
polar distances of the stars, 
and the angle X,PX, is: the 
difference between their right 
ascensions. 

To take the observation, 
two bodies should be selected 
by eye which appear to have 
the same azimuth. When ob- 
serving the angular distance, 
the observer should note 
whether the plane of the 
sextant is vertical, in order to see if the bodies have the same 
azimuth. At the same time as the altitudes are observed, if 
the compass bearing is taken, the names of the bodies may be 
found from “ What Staris it?” The error in the centering error 
due to the bodies not having exactly the same azimuth is of n 
importance. | 
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The angular distances between a large number of pairs of 
stars, together with the data for finding at what time the two 
stars of any pair have the same azimuth, are tabulated in a 
book entitled ‘‘ Stars and Sextants.”’ | 


338. Care and use of the sextant.—The sextant should 
always be handled with great care, because a slight blow is 
liable to derange the adjustments. ‘The instrument should 
be lifted and held by means of the frame or handle and not 
by the arc. When screwing a telescope into the collar, care 
should be taken not to burr the threads. The instrument 
should never be left exposed to the sun’s rays because heat 
tends to warp the frame; and, after use in damp weather, all 
parts of it should be carefully dried in order to preserve the 
silvering of the glasses. 


The sextant should not be kept in a drawer, on account of 
_ the shocks which it may receive when the drawer is opened or 
closed, which are often sufficient to derange the various adjust- 
ments. A proper stowage position, preferably on a shelf, 
should be provided and fitted with battens to hold the sextant 
box securely when the ship is in a seaway. 
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When measuring angles with a sextant, it is important 
that the objects should be observed.in the centre of the field 
of the telescope, in order that the ray from each of the objects 
may coincide with the line of collimation. 

It is advisable to mark the various eye-pieces so that they 
may be readily set to suit the vision of the observer; such a 
mark saves the necessity of focussing the telescope on each 
occasion of using it. 

When measuring the altitude of a heavenly body above the 
sea horizon, care should be taken that the angle is observed in 
the vertical plane. The vertical angle is the smallest which is 
subtended by the body and any point of the horizon ; conse- 
quently, if the sextant is slightly turned from side to side while 
taking the observation, the heavenly body will appear to move 
on the are of a circle which is convex to the horizon. By 
means of the tangent screw, this arc of a circle may be raised or 
lowered with reference to the horizon, until the body, while 
apparently passing to and fro, is seen to just graze the horizon ; 
the altitude of the body at that instant is shown on the 
sextant. - 
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CHAPTER XXIX. 


THE CHRONOMETER. 


339. The principle and general description of the 
chronometer.—In this chapter we have to give an account 
of the instrument which is designed to tell us the G.M.T. at 
any instant, and, since mean time is measured by the angle 
traced out by the mean sun as it | 
moves at a uniform rate, it 1s most 
essential that the movement of the 
instrument should be uniform. 

Let the axle A, Fig. 261, of a 
wheel, be mounted in bearings in 
which friction is a minimum, and let 
a spiral spring, whose plane is parallel 
to that of the wheel, have one of its 
ends attached to the axle and the ; 
other to a fixed point B. Uy 

If the radius AC is turned by the hand into the position 
AC’, a certain amount of work is stored in the spring, and, if 
the radius is released, this work is converted into kinetic 
energy as the wheel turns in the reverse direction; at the 
position AC the energy is a maximum. The wheel turns 
beyond AC and, in the absence of all friction, comes to rest at 
the position AC’’, symmetrical with AC’, the energy which the 
wheel had at C being now stored in the spring. The spring 
now starts the wheel in the original direction and it turns back 
to the position AC’, and so on. In the absence of friction and 
resistance of the air, and assuming that the spring does not lose 
its elasticity, and that the shapes of the wheel and spring are 
not altered by changes of temperature, this movement would 
continue indefinitely, each oscillation being performed in the 
same time. Such a mechanism, called a balance, would, 
therefore, afford a means of measuring an interval of time by 
the number of oscillations made in that interval, and the 
principle involved, but modified so as to take account of friction, 
is the principle of the chronometer. 

On account of friction, the wheel, after release at AC’, 
comes to rest at some position AC’”’ very near to, but short of, 
AC", such that the circular measure of the angle C’’AC’”’ 
multiplied by the frictional torque on the wheel, is the energy 
lost. In order to make up for this continual loss, energy is 
communicated to the balance by means of a mechanism called 
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the escapement. This energy is derived from the mainspring 
and transmitted through a train of wheels. In addition to 
transmitting energy from the driving mechanism to the 
balance, the train has another function—namely, to count 
the number of oscillations of the balance, and it performs 
_ this function by the agency of a special mechanism called the 
motion work. Thus the mechanism of a chronometer may be 
divided into the following :— 


The balance. 

The escapement. 

The train. 

The motion work. 

The driving mechanism. 


Figs. 262 and 263 represent in elevation and plan the 
mechanism of a chronometer, the axles of the various wheels 
being, for simplicity, shown in the same plane. A and A’ 
are two plates, called the pillar plate and top plate respectively, 
which are held parallel to one another by means of the pillars 
B, B. Between these two plates is contained the driving 
mechanism and the’train; on the outside of the pillar plate 
is the motion work, by means of which the hands are made 
to revolve concentrically at their correct relative speeds; on 
the outside of the top plate is the balance and escapement. 

In English chronometers the escapement is usually between 
the top and pillar plates. 

The mechanism is contained in a brass covering which is 
supported by gimbals in a wooden case. ‘The case is provided 
with two lids, the outer of wood and the inner of glass, in order 
that the face of the chronometer may be seen without exposing 
the instrument to misadventure. The gimbals may be locked 
when necessary, as, for example, when the instrument is being 
moved. At the bottom of the brass case is a hole for the 
insertion of the key, and this is kept closed by means of a 
revolving shutter which is held in place by a spring. 


340. The driving mechanism.—The driving mechanism 
comprises a drum CO, called the barrel, and a truncated cone D, 
called the fusee, the two being connected by a chain A, called 
the fusee chain. The barrel C contains a coiled spring, called 
the main spring, the inner end of which is attached to the barrel 
axle ¢, which is prevented from turning by the two pawls y’, y’ 
acting against the barrel rachet y fixed on the axle; the outer 
extremity of the mainspring is attached to the inside of the 
barrel. When the spring has been put in a state of tension 
by winding, it exerts a tangential pull on the barrel OC, since 
the axle c is fixed, and consequently a tension is set up in the 
fusee chain A. ‘This tension gradually diminishes as the spring 
unwinds, but since the chain leads on to the fusee at points 
which are further and further from the axle, the diminishing 
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tension acts on the fusee at an increasing arm, and so exerts a 
constant torque. 

In order that the mainspring may exert the required tension, 
and also that, when nearly run down, its various turns may not 
bind on one another, an initial tension is given to the main- 
spring by means of the squared head at the end of the barrel _ 
axle c, the axle being subsequently secured by the pawls y’, y’. 


341. The winding and maintaining mechanism.— 
In order to wind the mainspring, the key is placed on the 
squared head of the fusee axle d, which, on being turned, rotates 
the fusee, and thus, by means of the chain, the barrel. In order 
to avoid the possibility of overwinding, a small finger-piece 6 
is secured to the fusee axle, and so arranged that, at every revo- 
lution of the fusee, it moves one tooth of a star wheel 6’. When 
the instrument is fully wound, the finger piece takes against 
the plane part of the star wheel 6’ and checks further winding. 
At the other end of the fusee axle is a pinion, which, on the 
fusee being turned, drives a wheel which indicates, by means of 
a hand on a small dial on the face of the chronometer, the number 
of hours which have elapsed since the last winding. This con- 
trivance is called the up and down indicator, but is not shown 
in the Figures. 

The toothed wheel D'’, called the great wheel, drives the 
train, and in order that the action of winding may not affect 
the great wheel, and that the power transmitted by this wheel to 
the train may remain constant 
during winding, the great wheel 
is connected to the fusee by a 
special mechanism at the base of 
the fusee, called the maintaining 
mechanism, Fig. 264. The 
ratchet wheel a is screwed to the 
base of the fusee; the ratchet 
wheel D’, which is concentric 
with the fusee, Figs. 262 and 263, 
carries two pawls, 6, b, which 
engage with the ratchet wheel a. 
The ratchet wheel D’ is connected 
by means of a spring «xy to the 
great wheel D’’’, x being the 
point of attachment to the ratchet wheel and y to the great 
wheel. A pawl D’’ engages with the ratchet wheel D’. 

Let us now consider the action of this mechanism under 
ordinary circumstances and during the winding of the chrono- 
meter. | 

While the chronometer is going, the fusee revolves in a 
clockwise direction, carrying with it the ratchet wheel a, 
which turns the ratchet wheel D’ in the same direction by 
means of the pawls 6, b. The turning of D’ causes the spring 
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ay to drive the great wheel D’’ and, in so doing, puts the 
spring xy in a state of tension. 

When the chronometer is being eaene in ratchet wheel a 
is turned in an anti-clockwise direction,. and. its teeth slip 
under the pawls b, b. The ratchet wheel D’ is prevented from 
following this movement by the pawl D’’. The tension of the 
spring «xy now asserts itself, and causes the great wheel D'’ to 

continue its movement. 


342. The train.—Under this heading is included, with 
the exception of the escapement, the remainder of the mechanism 
which lies between the pillar and top plates. The great wheel 
ee vig..261, engages with the pinion HL, on the axle of which 
is fixed the wheel £’; ; this wheel and axle revolve once an hour. 
The wheel E’ engages with a pinion G, on the axle of which 
is fixed a wheel G’; the wheel G’ engages with a pinion H, on 
the axle of which is fixed a wheel H’, called the seconds or 
fourth wheel, which revolves once a minute, and on the axle of 
which is mounted the seconds hand @’’. The wheel H’ engages 
with the pinion K, called the escape Do on the axle of 
which is fixed the escape wheel K’. 


343. The motion work.—The motion re is the name 
given to the mechanism which causes the hour and minute 
hands to revolve concentrically at their correct relative speeds. 
The axle ef’, Fig. 262, of the pinion H#, projects through the 
pillar plate, and on it 1s fixed, friction tight, a pinion F’ having 
a long boss or pipe, called the cannon pinion. On this 
pipe, which projects through the face of the chronometer, is 
mounted the minute hand ¢’, and the friction between the 
pipe and the axle is just sufficient to drive the motion work 
and hands. The cannon pinion F’ engages with a wheel F’ 
which carries on its axle a pinion /; this pinion engages with 
‘the hour wheel /’, mounted on a pipe external to and working 
freely on the minute hand pipe. This external pipe projects 
through the face of the chronometer and carries the hour 
hand . Thus any motion of the minute hand is conveyed by 
this train to the hour hand, the number of teeth in the various 
wheeis and pinions being such, that the product of the numbers 
of teeth in the wheels is twelve times the product of the 
numbers of teeth in the pinions. 


344. The escapement.—tThe escapement, Figs. 263 and 
265, consists of the escape wheel K’, the detent J, and the rollers 
5 and a’, called the discharging ‘and impulse rollers respec- 
tively, mounted on the axle of the balance L. The detent [ 
consists of four parts—a spring ) attached to the top plate, a 
blade » terminating in a horn g and carrying a ruby stop o, 
called the locking pallet, and a gold spring p attached to the 
end of the blade and resting on the tip of the horn, with its 
end projecting slightly beyond. The discharging roller and 
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the extremity of the detent are shown below the impulse roller 
in Fig. 265. On the discharging roller 2 is a small projection 
+ called the discharging pallet, and on the impulse roller 2’ is 
a projection s called the impulse pallet; these pallets are of 
ruby or sapphire. 


Fig. 265. 


e 


Let us suppose that the escape wheel K’ is at rest with one 
of its teeth in contact with the locking pallet 0, and that this 
tooth is just about to be released by the impact of the dis- 
charging pallet 7 on the tip of the gold spring p, due to the 
oscillation of the balance in the direction of the arrow; at the 
instant of impact the balance spring is in its position of equi- 
librium and the balance has its maximum velocity. When 
the tooth has been released, the spring 7 causes the locking 
pallet to catch the next tooth. Immediately after the release 
of a tooth the main spring sets the escape wheel in motion, and 
a tooth impinges on the impulse pallet s, thus supplying 
energy to the balance to make up for what has been lost in 
friction. ‘The balance swings to its extreme position in the 
direction of the arrow, till the compression of the balance spring 
starts it in the reverse direction ; on its return, the discharging 
pallet 7 passes the tip of the gold spring without affecting the 
locking of the next tooth, and the balance swings to its extreme 
limit and returns to repeat the cycle of operations. Thus for 
each complete oscillation of the balance, the escape wheel moves 
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through an angle which is subtended by the are between two 
teeth. Asa general rule, the complete oscillation of a chrono- 
meter balance is performed in half a second; thus a chrono- 
meter beats half seconds, and each movement of the second 
hand corresponds to half a second of time. 


345. The balance.—The balance consists of the balance 
wheel LZ and the balance spring M, Figs. 262 and 263. The 
axle of the balance wheel fits perpendicularly into an arm hk. 
Attached to each extremity of the arm is a circular are or 
rim L, which is formed of two strips of metal, the interior 
being of steel and the exterior of brass, and the latter being 
about twice the thickness of the former and melted on to it. 
A mass l’, called a compensating mass, 18 carried on each rim, 
and can be secured in any position by means of a screw. 
At each end of the arm is a screw l”’ called a regulating screw. 
A supplementary screw l’”’ is fitted on each rim as shown in 
Fie. 263: 

On the lower part of the axle are the discharging roller 7 
and the impulse roller 2’. 


The balance spring is a long and delicate helical steel 
spring, one end of which is attached to a stud on the bridge ZN, 
Fig. 262, and the other to a piece of metal, called 
a collet, ‘on the axle of the balance. To ensure 
isochronism, as far as possible, the ends of the 
spring are formed in symmetrical curves, as 
shown in Fig. 266, in order that the whole spring 
may open and close symmetrically with regard to 
its axis, and that no stresses may be set up at the 
points of attachment. 


Hraee26b% 


346. Time of oscillation of the balance.—Let I be 
the moment of inertia of the baldice about lis axis of rotation, 
and M the restoring torque due to the elasticity of the spring 
when the balance wheel has turned through an angle @ from 
its position of equilibrium, then, if 7’ is lire time of oscillation, 
we have 


c o)) 

f B= IS) Nae 
i hit 
6 


Now, if 7, is the natural radius of the balance spring and r, 
the radius when the torque is M, we have from the theory of 
bending 


where 7 is the moment of inertia of a section of the balance 
spring about its neutral axis, and H is the modulus of 
elasticity. 

Gg2 
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But if LZ is the length of the balance spring, we have |. 


Aeyde el: 
ro, 
Therefore ZI = we 
a L 
lp 
(pay Bite 
By 


As a numerical example, the time of oscillation of the 
balance of a chronometer, may be found from the following 
details :— 


Mass of balance - - - - 147 grains. - 
Radius of gyration of balance > - °65765 inch. 
Diameter of balance spring - -' aneh, 
Thickness - - - - - zp> inch. 
Width 3 as = - rtm oy inch. 
Number of coils - - - - 102. 
Modulus of elasticity 7 - - SOR an 


By substituting these values in the expression given above, 
the time of oscillation of the balance will be found to be 
approximately half a second. 

As a chronometer balance, whose time of oscillation is 
uniformly and exactly half a second, oscillates 


24 x BO) 60 Ske eee Lic OUD 


times in 24 hours, it will be seen that an extremely minute 
“error in the time Ake ose ‘llation, causes the chronometer to have 


-a considerable daily rate. 


347. The thermal compensation of the chrono- 
“meter.— Let ies time of oscillation when the temperature 


eS Dar ra . so that J is the moment of inertia of the 
balance wheel and S the elastic moment of the spring per unit 


angle of displacement of the balance aa ; 


Let m be the mass of the balance wheel and & its radius of 
gyration at temperature x. Let a be the coefficient of expan- 
sion of the metal of the balance wheel, which we shall first 
suppose to be homogeneous. ‘Then 


| at temperature x% [ = mk’, 
at temperature x, [ = mk’ [1 +" a (a — x,))]. 
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Therefore when the temperature rises, J is increased by a 
constant quantity (mk*a) multiplied by the square of the increase 
of temperature. Consequently 
if we plot J to a temperature 
base the resulting graph will 
be as shown in Fig. 267. 

Again, it is found by ex- 
perience that, for a rise of tem- 
perature (x — «,), the elastic 
moment S becomes S[l —- 8 
(7% — x,)|, where 8 is a con- 
stant, so that S is diminished 
Meee, quantity SG xo yw wk. le 
multiplied by the change of Bie. 267. 
temperature. ‘Therefore, if we : 
plot S to a temperature base, the resulting graph will be a 
straight line as shown in Fig. 267, and it will be seen that 
the ratio of J to S, and consequently the time. of oscillation 1 ds 
different at every temperature. | 


- Now let us consider a balance wheel in which: the rims are 
retalie as described in $345. The coeflicient of expansion 
of the outer metal (brass) is greater than that of the inner (steel), 
so that, when the temper ature rises, the rims approach the 
centre of’ the wheel, and when it. falls they recede from the 
centre. The result is that the moment of inertia of the balance 
increases or decreases according as the temperature falls or rises, 
which is’ the converse of what happens with pie homogeneous 
balance. 

“Let x; be the temperature at which the rims are circular, and 
have their comnion centre inthe axle of the wheel; then at 
temperatures above x, the rims curve inwards, while at tem-' 
peratures below x, they curve outwards. At temperature a 
will be the same wherever the compensating masses may be on 
the rims, but at any temperature other than «,, 1 will depend on 
the position of the compensating masses on the rims as well as 
on the temperature. It follows that there will be an [ curve for 
every ‘position of the compensating masses. 

If we consider six ‘positions of the compensating masses, ° 
say, close up, 30°, 60°, 90°, 120°, and 150°, reckoned from the 
fixed ends of the rims, the corresponding [ curves will be as 
shown in Fig. 268, the curvature of each being opposite to that 
in Fig..267. 

From Fig. 268 it will be seen, that by placing the com- 
pensating masses at a particular angle (120° in this case), the 
ratios of J to S at temperatures x, and «x, will be the same, and 
therefore the times of oscillation at those temperatures will be 
the same. Between these limits there will be a slight increase, 
and outside of them a decrease in the time of oscillation. 

That which has been said above should be regarded as a 
rough explanation only, and it should be observed that, since 
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T and S are not of the same nature, it is not strictly accurate to 
speak of the ratio of J to S. 

The fact that the times of oscillation can be made the same 
at any two temperatures, by suitably placing the compensating 
masses, is the principle of the thermal compensation of the 
chronometer. The two temperatures, 45° F. and 90° F. are 
selected as the limits likely to be experienced, and the com- 
pensating masses are adjusted by trial so that the times of 
oscillation at these two temperatures are the same, the time of 
oscillation at the mean temperature having first been found. 


Fic, 268: 


For example, suppose that the daily rate of a chronometer when 
subjected to a temperature of 673° I’. was 4 seconds gaining, and 
that when subjected to a temperature of 45° I’. and 90° F., the 
rates were 2 seconds and 7 seconds gaining respectively ; then it 
is clear that the compensating masses are too close to the free 
ends of the rims, and must be moved towards the fixed ends, 
and so on, till the rates at the two temperatures are found to be 
the same. 

When the compensating masses have been adjusted, it may 
be necessary to reduce the rate at the two limiting temperatures, 
and this is done by means of the screws L”’. 

It will be seen from Fig. 268 that, if the rate at the extreme 
temperatures is zero, the chronometer will lose slightly at. 
intermediate temperatures, the maximum losing rate occurring 
at the middle temperature. ‘The rate at the middle temperature 
is called the middle temperature error, and in a good chrono- 
meter should not exceed 2 seconds. Various forms of auxiliary 
compensation are applied to chronometer balances in order to 
reduce the middle temperature error, and the principles on which 
most of them are constructed are (1) to check the opening of 
the rims at low temperatures, (2) to cause an auxiliary weight to 
move inwards at high temperatures. During the past few years 
it has been found that the middle temperature error may be 
very much reduced, by replacing the steel of the balance by 
an alloy of iron and nickel, which belongs to the same series 
of alloys as invar. This alloy is almost non-magnetic. Up 
to the present time this alloy has been very little used in the 
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construction of the chronometers which are supplied to H.M. 


Ships. 


348. Testing of chronometers at the Royal Obser- 
vatory.—Chronometers, before being purchased for use in the 
Royal Navy, are subjected. to very severe tests at the Royal 
Observatory at Greenwich, in order to determine their perfor- 
mances at various temperatures. These tests extend over 
twenty-nine weeks and comprise observations of the rate at 
temperatures up to 98° IF. 

A considerable number of chronometers are tested together 
and, after the test, are tabulated in order of merit as shown by 
the formula a+ 2b, where a is the difference between the 
greatest and least weekly rates, and b is the greatest difference 
between two consecutive weekly rates. For a considerable 
number of chronometers, the formula gives a result below 30, 
while for afew it is as small as 10, from which we see the 
high pitch of perfection to which the thermal compensation has 
been brought. 


The limits, within which the daily rate of a chronometer 
should le, before the chronometer is supplied to one of H.M. 
Ships, is given in the preface to the chronometer journal, which 
should be studied in this connection. 


349. The formula for the rate.—With the compen- 
sation described in § 347, it is found that 


R=R,4+ K (a — x,)° 


in which F is the daily rate ; x is the mean temperature during 
the day; f, is the daily rate when the temperature is x, and K 
isa constant. In the application of this formula « may be taken 
as the mean of the readings of the maximum and minimum 
thermometers (S§ 367, 368). 

Experience shows that K and x, remain constant for a long 
period, but R, is liable to change, and should, therefore, be 
frequently verified. 


Hxample.—A chronometer was found by observation to have 
a losing rate as follows :-— 


Rate 2°29 secs. Temperature 50" FP. 
ee OAS. xf 65° FE. 
ee r 80° F. 


Required the formula for the rate, and the rate when the readings 
of the maximum and mimimum thermometers (for the ayy are 
76° and 70° respectively. 


By substitution in the equation above we have 
2°29 = A, + Ku, = L007 Ka 50K: 
64 = R, + Kau? — 130 Kz, + 65° K. 
Ol tee ty ab) Ko," E60. Koes 80? .K. 
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Subtracting the second of these equations from the at: ae 
third we have 


dy 650% +6 180, Kee 15 GLO, Ky 
‘33 = — 30 Kx, + 15 x, 145.4, 
adding ) ase 
1eOD eesti) Xp ciee | sahedl 
ed sya OO44. 
With this value of K it is easily found that. —- 
ti OC OLM eecltlas ea eae 


Ther efore the for mula for the rate is 


Re = °53-secs. + °0044 (a + 70°) secs., 


and when the temperature is.73°, which is the mean of the 
thermometer .readings, we have ic Spa 


AP a = °53 sees. + 0044 x 9 secs. 
‘57 secs. 


350. Variation of the rate due to age. “phe” effect 
of age ona chronometer is to produce a change in the viscosity 
of the oil, a deposit of dirt on the various parts “of the mechanism, 
anda slight wear ‘between the: moving parts. Ehege tend to 
produce a shght acceleration. 

To avoid the possibility of the oil evaporating, a deck 
watch should never be left exposed to the sun. 

Chronometers should be sent: to their makers at Leds every 
four years for repairs. The date of the last repair is given om 
a paper pasted on the lid of the wooden case. A chronometer, 
when four years have elapsed since the last repair, should be 
sent to the nearest chronometer depot and, another procured. 
Should it be necessary to senda chronometer by rail, the greatest. 
care should be taken to guard against. damage i in transit. Fulk 
printed instructions as to the method of packing, &c., are 
issued to. each ship in the chart set, and should be. carefully 
followed. | | i: 


351. Abonriel variations in the daily rate.—In 
spite of the compensation of* a’‘chronometer’ for temperature, 
variations in the rate, due to other - causes, ‘océur. These 
variations are (lue to—.. 

(1) Atmospheric cenciniene: 
(2) Magnetism. 
(3) Motion of ane Sie 
(4) Danip. 


Atmospheric Conditions.—It is found that dampness of the 
atmosphere causes a retardation, which may be accounted for by 
the increase of the moment of inertia of the balance due to a 
deposit of microscopic sediment. 

Magnetism.—At the Royal Observatory at Greenwich, trials 
have recently been carried out, to determine the effect of a 
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magnetic field on the rate’ of a chronometer, and it has been 
found, that a field in which the lines of force are parallel to the 
plane of the balance has the greatest effect, while a field in 
which the lines of force are vertical has practically no effect. 
It has also been found that the effect of the former field varies 
with the direction ofthe lines of force, as regards the XII. to VI. 
line of the dial: it was concluded that the variation of the 
rate was due to the magnetisation:of the steel of the balance 
wheel, and that the magnetisation of the balance spring had no 
appreciable effect. Let us neglect the magnetisation of the ‘steel 
of the rim of the balance wheel, and only consider ‘that ofthe 
arm, which will first be supposed to lie along the lines of’ force 
when the wheel is in the position of equilibrium; it will be 
obvious ‘that the arm, when displaced from this position, will be 
acted on by‘an additional couple:which acts with the balance 
spring, and consequently lessens the time of oscillation. | Now, 
suppose that the arm is at right angles to the lines’ of force 
when the wheel is in its position of equilibrium; .im. this. 
position the arm is not magnetised, but,.as. soon as it deviates 
from this position, the field produces. a couple, which acts. 
against the.balance spring and consequently lengthens the time 
of oscillation. ‘Therefore, between these two. positions, there 
must be one at which they time of oscillation of the, balance is 
unaffected by the field. The above was borne out at the. trials, 
when it was found that the rate was unaffected if the arm, of 
the balance -wheel, when in equilibrium, was. at 45° to. the 
lines of force. 

« The position selected for the chearioniéters on bods hind 
should be so far removed from magnetic influences, that the 
rate ofthe chronometer is preeeen From the experiments 
mentioned above, it appears: that a magnetic field of strength 
I? dynes may, change the: daily rate of, a,chronometer. by am 
amount, not exceeding » 7 : | 


iby 39 se seconds. Ni 


, Now a umay be. assumed shat the eas of ihe: magnetic 
fold of each of the various instruments: mentioned: in § 805. 
when atthe: distance tabulated under the heading »“* From: 
Standard Compass Position,’ does not exceed half the-earth’s 
field, that is 0°09 dynes. As the strength of a magnetic field 
varies inversely as the cube of the distance, at a fraction K of 
the tabulated distance the strength of the field is 


Therefore, due to this field the maximum change in the daily 
rate of a chronometer is 


bier ite 00) seconds. 
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If we equate this expression to one second, we find that 


K = 0°47 


Therefore no instrument mentioned in § 305 should. be 
brought within one-half the distance tabulated under the 
heading “ From Standard Compass Position’; this rule being 
followed, the change in the daily rate, due to any one of these 
instruments, should be Jess than one second. | 


The correcting magnets and heeling error instrument should 
be as far away as possible, and the chronometer box should not 
be placed against an armoured bulkhead. 


The effect of magnetism on the deck watch, which may 
have to be carried from one position in the ship to another, 
may be considerable, and experiments are now being carried 
out with a view to finding to what extent the deck watch 
is shielded from magnetic influences, by being kept in a soft 
iron. box. | 

Motion of the ship.—It has been found that the rolling and 
pitching of the ship causes a very slight acceleration of the 
chronometer, and that shocks due to waves striking the ship, &c., 
cause a retardation. It has also been found that, as a rule, the 
rate is different according as the ship is under way or in 
harbour, the rate in the former case being called the sea or 
travelling rate and in the latter the harbour rate. Care should 
be taken that each chronometer is properly suspended in its 
gimbals, for if there is a small amount of play in the bearings 
the chronometer will experience shocks as the ship rolls or 
pitches. 


Damp.—One of the greatest dangers to which a chrono- 
meter is liable on board ship is rust, which acts on the balance 
spring and alters its elasticity. Conditions, leading to a deposit 
of moisture on the chronometer, or “ Sweating,’ should be care- 
fully avoided, and any material, such as cotton waste, used 
to pack the chronometers in the box, should be perfectly dry. 
The danger is to a great extent avoided in the construction of 
the chronometer boxes which are supplied to modern ships; in 
these, as will be explained in § 353, springs are substituted for 
packing. 


352. To wind and start a chronometer.—<As will be 
understood from the above, in order that the daily rate of the 
chronometer may be as constant as possible, it is important that 
the interval, during which the motive power is transferred from 
the mainspring to the spring wy ($341), should be of the same 
duration each day; for this reason, chronometers should always 
be wound in the same manner and by the same person, and, 
although a particular chronometer may have been constructed 
to run for two or more days, it should be wound daily. 
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Again, in order that the same portion of the mainspring 
Pith Bad fusee may be in action on each day, the Carano ee 
should be wound at the same hour. 


A chronometer is wound by turning the key from right to 
left, the key, called a tipsy key, being so constructed that no 
couple is communicated to the fusee if it is turned in the wrong 
direction. When about to wind, the chronometer should be 
gently turned over in its gimbal ring until its face is downwards ; 
it should then be held firmly by the left hand and the shutter 
moved to one side; the key should then be inserted by the right 
hand, and the w inding performed gently and evenly till the me- 
chanism is felt to butt, the instant being anticipated by counting 
the number of half-turns of the key which is known to be required. 
The key should then be withdrawn and the chronometer gently 
turned back to its original position, note being taken that the 
up and down indicator points to “wound.” It is convenient to 
note the number of half-turns required on a piece of paper and to 
paste itin the lid of the box. The number of half-turns required 
daily for different chronometers are approximately as follows :— 


One-day chronometer, 10 half-turns. 
Two bh) aby) hes 39 
Hight ,, at 4 


A one-day chronometer runs for about 30 hours, and a two- 
day for about 54 hours. 


9 a 


A deck watch, When being wound, should be held steadily 
in one hand, with the face downwards. It should not be 
oscillated in sympathy with the winding of the other hand. 


It is advisable that the comparisons should be made at the 
same time as the chronometers are wound, and, to avoid for- 
getting any details, a regular system should be adopted ; for 
example—wind the chronometers in turn, commencing from the 
left ; then wind the deck watch or watches; note the readings 
of and reset the maximum and minimum thermometers; com- 
pare all chronometers and watches with the A chronometer as 
explained in § 140; work up the error of each chronometer from 
that of the previous day and deduce the error of the deck 
watch ; note the error of the deck watch on a piece of paper 
placed inside the lid of its box. 


In order to start a chronometer, the gimbals should be 
locked and the instrument held by the hands with its dial 
horizontal; it should then be given a quick turn in azimuth 
through about 90°, without any shake. ‘This movement, on 
account of the inertia of the balance, will give a slight com- 
pression or tension to the balance spring, which should be 
sufficient to cause the balance to unlock the escape wheel and 
allow the mechanism to start. 

If it is desired that the chronometer should show G.M.T., the 
instrument should be started at the correct time, rather than the 
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hands should be moved; for example, suppose that the C 
chronometer has stopped, showing 45 10™ 278°5, and that 
the error of the A chronometer on G.M.T. is 28 19™ 11s gis 


CEM ee LO 278 o 
GA Sie, AO GL. U slow, Oo aae M.T. 


A shows. - 1 51 1030 


In this case the (chronometer should’ be ‘started: when A 
shows 1? 51™ 168*5 and this may be done by giving ‘the turn’ 
to Crabout half a second before’ the: above time 1s berg ins 
by A. | 

On account of the possibility of btbaiwth she rheoltaniaie or 
bending the hands, it is inadvisable to set ache onometer to time 
by moving the hands: 6r« hhh the pea ie 


353. The stowage and care of chronometers on 
board ship.—A special room, called the chronometer room, is 
selected for the stowage of chr onometers,.and is as far as 
possible removed from magnetic fields and not exposed to large 
variations of temperature. In the chronometer room is a box, 

called the chronometer box, in which the chronometers are kept. 

Specially prepared blocks. of well-seasoned wood, about 2 feet 
high, are bolted to the deck ; on the top. of these isa sheet of 
india rubber, and on this sheet.is a tray, divided into compart- 
ments for the reception of the chronometers. The interior of each 
compartment, at the sides and bottom, is provided with springs 
for holding the chronometer cases firmly in place. fitting over 
the whole of the above, but not touching it, is a wooden casing, 
the lower edge of which is secured to the deck; this casing is 
fitted with two lids, each of which is provided with a lock, the 
inner being of glass and the outer of wood. Before the instru- 
ments are placed 3 in. the compartments the top lids of their cases 
areremoved. The glass lid of the outer casing of the chronometer 
box is so arranged that, when it is closed, the glass hds of the 
chronometer cases are very close -to it, so that the indications of 
the chronometers may. be read w ithout opening the ae lids or 
touching the instruments. 


When it is necessary to move a chronometer, che greatest 
care should be taken to avoid disturbing its rate and possibly 
damaging its delicate mechanisms. In such a case the 
gimbals should always be locked and the instrument carried in 
both hands, great care being taken not to turn it in azimuth, 
for, should a turn happen to coincide with the direction of 
movement of the balance, the instrument may stop; should the 
turn coincide with the opposite direction to that of movement 
of the balance, the spring may be strained. If the chronometer 
is to be carried for some distance, it is advisable to place it in 
the padded guard case which is supplied with each instrument. 
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In armoured ships, in which the chronometer room is not 
situated behind the armour, a protected position 1s selected to 
which the chronometer box should be moved in time of war. 

It is usual to place the A chronometer in the middle com- 
partment of the chronometer box and the others on either side 
of it, because this facilitates comparison. 
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CHAPTER XXX, 
VARIOUS INSTRUMENTS. 


354. The patent log.—A patent log is an instrument 
for recording the distance run through the water. The 
principle embodied is that a small screw propeller (called the 
rotator), when towed through the water, makes a certain number 
of revolutions in a given distance and hence, by being attached 
to a mechanism (called the registering apparatus), registers the 
distance run through the water in a given time. 

Various kinds of patent logs are in use in the Royal Navy, 
and that which will be here described is called the Trident 
Hlectric Log. The registering apparatus, two views of which 
are shown in Fig. 269, is fixed to the stern of the ship, while the 
rotator is in the water and connected by means of a long line to 
one extremity of the axle of a wheel, called the governor; the 
other extremity of the axle of the governor is connected by a 
short length of line to the registering apparatus. 

The rotator communicates its motion to the eye M, at 
the end of the axle of the registering apparatus, which, in 
turn, by means of a reducing mechanism contained in the case 
A, communicates its motion to three pointers on the face. The 
ease A is attached to the body of the instrument by four screws 
B. The body is supported by trunnions in a fork C, and this 
ean revolve in the foot D, which fits into a shoe # secured to the 
ship. The pull of the rotator and line is taken, through ball- 
bearings, by a cap /’ screwed on to the end of the instrument. 
The ball-bearings are covered by a tube G, which may be 
revolved to allow the bearings to be oiled through a hole in it. 

Fig. 270 shows the ball-bearings, axle and : 
eye, which together can be detached from the 
instrument by unscrewing the cap. The 
bearings consist of two necklaces of balls 
which roll in V-grooves; the outer necklace 
receives the pull of the rotator and line, and 
the inner is for the purpose of adjustment 
and for keeping the axle steady. The balls 
ancl grooves are enclosed in a skeleton cage N, 
which ean be unscrewed from the cap for - 
cleaning or renewal. The adjustment of the 
bearings is effected by screwing up the cage 
cap b, which may be locked by a specially 
formed washer and the two screws a, a. 
Should the outer grooves become worn the 
whole cage and bearings may be reversed, and g 
the pull of the line thus transferred to what ig, 270. 
was previously the inner and practically unused balls and 
groove. 


Fie. 269. 
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The electrical portion of the instrument consists of a make 
and break mechanism in the registering apparatus, and a 
receiver ; the dial of the receiver is arranged in a similar manner 
to that of the registering apparatus, Fig. 269. The receiver is 
placed in the chart house and is connected by a permanent 
cirewt to terminals at the stern of the ship; a watertight 
flexible lead from the terminals is connected to the registering 
apparatus at the watertight connection H. The make and 
break mechanism completes the circuit at every tenth of a mile 
as indicated by the instrument, and thus every movement of 
the hands of the registering apparatus are repeated on the 
receiver. 

Care should be taken when handling the rotator that the 
blades are not damaged, for a blow may impair the accuracy of 
the instrument. When the log is to be used, the governor 
wheel should be attached to the registering apparatus by means 
of the eye M and the rotator put overboard, the hook on the 
inner end of the line being placed in the eye of the governor and 
the hands set to zero. 


The accuracy of a patent log depends largely on its being 
used with a suitable length of line, and as this varies in different 
vessels, it is necessary to make some experiments at sea, when 
steaming over a known distance, so as to ascertain the best 
length for a particular vessel. The following lengths of line 
have been found to be suitable for normal vessels :— 


Maximum speed 10 knots. Length of line 40 fathoms. 


Le oe iano alae y = 50 to 55 fathoms. 
99 99 18 99 9 9 60 9) 65 7) 
99 oles 20 9 7) 39 70 99 80 ” 
9) 9 Ze 99 9 ba! 100 99 120 de 


Should the above not give accurate results, lengthening the 
line will generally be found to increase the log registration, and 
vice versa. For small high speed vessels, such as Torpedo 
Boat Destroyers, shorter lines may be used than those given 
above. The length of line, when found to be correct, 
should be adhered to, and new lines, which stretch considerably, 
should be shortened as measurements may indicate. Itis better 
to use a line which is too long than one too short, because with 
a longer line the rotator is deeper in the water and the log is 
less affected by rough weather. 


355. The speed by steaming over a measured 
distance.—The speed of a ship is found by steaming over a 
measured distance, and for this purpose beacons are set up 
at various places along the coast. In Fig. 271, A, A’ and 
B, B’ are two pairs of beacons, such that “AA! is parallel to 
BB’, and the distance between these lines is exactly known. 
The ship whose speed is to be ascertained steams at right 
angles to these lines and notes the time when A’ and B’ are in 


Tf a tidal siream or 
current exisis, the ship 
should steam over the mea- 
sured distance m_ both 
directions, and her speeds 
with and agamst the siream ' ot ae 
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356. The error of a patent log.—Patent logs donot 
always correcily register the distance run through the water. 
The error of a patent log should be recorded asa per 
centage of the distance which the leg actually shows, and not 
as a percentage of the disiance ran. This. errormay be found 
in either of the two following ways, the second. of sane Eaeeio 
be preferred, as being the more accuraie :-—.— aoe 

(1) By notimg the readings of the patent Jog on. two occasions 

of fixing the ship's position. The distance run over 
the ground may be taken from the | 
allowance having been made for the effect of the tidal 
siream or current, the distance run through the water 

may be obiained and compared with the distance 


shown by the log. 
(2) From rums over a measured distance, with and against ; 


the iidal stream. ; _ 
Ezample of (2) :—A ship steamed ata unifonm speed b 
the transit lines (8.678 feet apart) given by the benceine Saf Wat a 
Bay, Portland, and the following observations were taken >—_ : 


: rat 
v nee) re 
Against the tidal stream {aoe 4° 49 "47° A an ae ; anda 


4 4 Zi mile 

With the tidal stream - {4% 5 3 of 4B 
eee ee a gives = spoke Sa 
389 seconds; thai is, 12°91 knots. / 
Sagan Aereg tee: gives a speed of 8,678 feet in 
337 seconds; that is, 15°25 knot= ++ : 
The mean of these speeds is 14°68 knots, which in he peed 
of the ship over the ground. pil 
Now the patent log gives a speed of 3 miles (1° T+ 3) in 
726 seconds: that is, 14°88 knots. Therefore the speed of the 
ship as found by the patent log is too great by -8 knots im 
14°88; the’ error of ‘the patent log in, thenefore; S-Siiaaaaam 
overlogging. 
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When finding the error of a patent log from the indications 
_ of a chart house receiver, it should be borne in mind that the 


alee instrument only indicates every tenth of a mile. 
order to find what the patent log showed at the instant of 
the transit coming on, it is necessary to note the times at which 


_ the electric impulses, immediately preceding and succeeding 


the transit, were received as well as that of the transit: the 
reading of the patent log at the time of the transit may then 
be found by interpolation. 


357. The speed by the revolutions of the engines. 
—The number of revolutions per minute at which the engines 


_ are working provides a ready and, under ordinary circumstances, 


an accurate method of obtaining the speed of the ship. A 
tabular statement showing the speed of the ship in smooth 
Water, when at her normal draught and with a clean bottom, 
corresponding to various speeds of the engines, is made out for 
each ship from actual trials; from this statement the speed of 
the ship may be estimated. It must not be expected that this 
method will give correct resulis when the ship’s bottom has 
become foul. and therefore an allowance should be made. 
obtained from experience, depending on the interval which 
has elapsed simce the ship was docked. Again. when 
Steaming against a head sea, the speed develuped will be less 
than that tabulated. and therefore under such circumsiances 
it 1s difficult to estimate the speed of the ship from the 
revolutions of the engines. 


358. The sounding machine.—A sounding machine is 


at any place. The type of soundmg machine in general use 
m the Royal Navy is that known as the Kelvm Mark IV. 
which may be worked either by hand or by electric motor. 
Fig. 272 shows the Mark IV. hand machine. which consists 
of a framework supporting a drum on a horizontal axle, the 


drum being wound with 300 fathoms of 7-strand flexible steel 


wire. The drum is free io revolve om its axle or may be 
gripped to the sprocket wheel by means of wooden brake 


cheeks actuated by the handles Thus, the sprocket wheel 


having been fixed to the frame by means of the brake caich- 
pm, a turn of the handles im the direction im which the wire 
runs out will free the drum ; a turn of the handles im the opposite 
direction will crip the drum to the sprocket wheel, and. if the 
brake caich-pim be withdrawn, the drum and sprocket wheel 
may be revolved by turning the handles. il 
On the left face of the drum is a V-shaped groove, m which 


rests the automatic brake cord, on the inner end of which is a 


G-Ib. weight working im a vertical tube, and on the outer end a 
1th. weight. The object of the automatic brake is to ensure 
that, when the wire is running cat, the drum revolves at 2 


uniform speed, and to prevent the dram over-running when the 


» 7415 H b 
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lead reaches the bottom. On the top-of the frame is a pointer, 
which is connected by gearing to the drum, and indicates on a 
horizontal dial the number of fathoms of wire that have run out. 
When the ship is steaming above 13 knots, it 1s sometimes found 
that the 6-lb. weight is lable to jump out of its tube, and for this 
reason four I-lb. weights, shaped so as to exactly fit over the 


POINTER. 


BRAKE CATCH PIN. 


GUARD PLATES. 
SHAFT BUSH. 


WIRE DRUM. 


me COTTER PIN AND NUT. 


SPROCKET WHEEL. 
“—HANDLE SOCKET. 


GUARD DISTANCE PIECE. 


GUARD BRACKET. 


REAR STRUT CASTING. 


ri 


DATA 


MH} 


Mi 


AUTOMATIC BRAKE CORD. “®—HANDLE. 


6 LBS. AUTO. BRAKE WEIGHT, 
REAR WEIGHT-TUBE BRK 


i 


REAR WEIGHT-TUBE 


Hii Le. 


+—DECK PLATE. 


BASE OF MACHINE. 


former, are provided, one or more of which may be added as 
necessary. 

On the end of the wire is a swivel, to which is attached 
9 feet of plaited hemp, called the stray line, at the extremity of 
which is secured the lead which weighs 24 Ibs. Attached to 
the stray line, about 6 feet above the bottom of the lead, is 
a brass tube, called a guard tube, the upper end of which is 
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fitted with a cap with a bayonet joint, the lower end having 
holes in it to freely admit the water. The use of this ouard 
tube will be understood later. 


The sounding machine is usually mounted in the fore part of 
the ship, and generally in such a position that it is visible from the 
bridge. The wire is led from the machine through a special 
swivel block carried on a traveller at the end of a spar, 30 to 
to 40 feet long, es projects horizontally from the ship’s 
side. | 


The wire of the sounding machine having been snatched in the 
block, and the latter on its traveller having been hauled to the end 
of the spar by means of an outhaul, the lead should be lowered 
until it is just clear of the water, and this may be done by 
withdrawing the-brake catch-pin and revolving ‘the drum by 
means of the handles. When the lead is at the required position, 
the brake catch-pin should be re-inserted and the pointer set 
to the zero of the scale. If the ship is at rest, the depth may 
be easily obtained by allowing the wire torun out, and noting the 
reading of the pointer when the lead strikes the bottom, the 
instant being easily detected by means of a feeler pressed on 
the wire. When the ship is under way it is impossible to 
obtain an up and down cast of the lead, and hence the depth 
by direct measurement; for this reason, one of two indirect 
methods are employed, which will be now described. 


359. The depth by chemical tube.—A glass tube, 
the inside of which is lined with chloride of silver (coloured 
red), one end being open and the other sealed, is inserted 
in the guard tube with its open 
Siimiawewards;: then, as the lead === 
descends, the water is forced up e5 cabs SLT. tt AE SR ON 
the tube, and the air within the — 
tube compressed. The salt water, —— 
as far as it rises, turns the chloride — : 
of silver white ; therefore the height be a 
to which the water rose in the tube © ——~ 
at the greatest depth is known; 
from this height the depth may be — 
found as follows. 

Let h (Fig. 273) be the length — 
of the inside of the tube and «x 


the height the water rises in the ———— Salt — 
tube. . Let p be the, atmospheric. 5 pa ae ail 
pressure, and p’ the pressure of the TU eae 
air in the tube when at a depthd, ~~~ ~ tae 
then, from Boyle’s law, we have Fie. 273. 
PF sata AU 


Ee 2 


Art. 359. 460 


Now p’ = wd + p, where w is the weight of sea-water per 
unit volume. 


Therefore OE STD ak RO 
p h—- «x 
= tae 
u(h — x) 


Now the weight of a cubic inch of mercury is ‘49 Ib., so 
that, if H is the height of the barometer in inches, 


Ib. 


inch? | 


"49 H 


The specific gravity of sea-water is 1°025, and as a cubic 
foot of fresh water weighs 62% lbs., 


ih Galt 


i= 
27 inch? 


Therefore, substituting these values for p and w, we have 
Sos frre) bee : " 

= 13°23 H { ,——— )inches 

h—-«x 


= ASST (ee ,) fathoms. 
h — 2x 

From this we see that the depth depends on the height of the 
barometer and that it increases very fast as x approaches h. To 
avoid the necessity of calculation, a boxwood scale is graduated 
to show d for various heights (a) of water in the tube; by 
placing this scale alongside the tube, the depth can be read off. 


The boxwood scale is fitted with a brass projection at one 
end, and when using it the tube should be in contact with the 
scale and with its sealed end against the brass projection. The 
scale is so adjusted that no appreciable error is introduced 
when the height of the barometer is between 28% and 293 inches, 
but when it is above this height a correction tat be applied as 
follows :-— 


Barometer 29°75. Add one fathom in 40. 


33 30°00. 9) 99 ° 
; 30°50, ; ee 
i 31°00. é en 


The temperature of the tube, at the instant it is immersed, 
should be the same as that of the sea water, because a change 
in the temperature of the tube will change the pressure of the 
air inside the tube and vitiate the reading. In order to 
ensure that the’ temperature of the tube is the same as that of 
the sea water, the tube should, for a few minutes before being 
used, be partially immersed, sealed end downwards, in a 
bucket of freshly drawn sea water. When a tube has been 
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brought to the proper temperature before. being used, 
the whole volume of water forced into the tube, when at 
its lowest depth, will be expelled by the compressed air 
on the tube being brought to the surface. If, however, due 
to the above precaution having been omitted, the tube was 
warmer than the water, a small quantity of water will be 
found inside the tube after it has been removed from the 
brass guard tube. 


In order to ensure that the mark in the tube which indi- 
cates the height to which the water rose, usually referred to as 
‘the cut, may be regular and definite, the following points 
should be attended to :— 


(1) The wire should not be allowed to over-run after the 
sinker has touched the bottom. Should a. con- 
siderable amount of over-run be permitted, the tube 
may lie horizontally on the sea bed and the water 
tend to flow up the tube and cause a bad cut. 


(2) The brakes of the sounding machine should not be 
applied too suddenly. Should the running out of 
the wire be stopped with a violent jerk, the sinker, 
being at the end of a long line of steel wire, will 
oscillate and cause the water inside the tube to jump 
and make a bad cut. | 


(3) The guard tube and chemical tube must be held 
vertically until the depth has been read off on the 
scale. 


If, from any cause, the cut is found to be irregular, the 
reading should be taken to the lowest part of the: cut. 


The tubes are supplied in hermetically sealed tins, 10 in a 
tin and 10 tins in a wooden box. It is important that the tubes 
should be kept free from damp and not exposed to the light, in 
order to preserve the chloride of silver from deterioration. For 
this reason a tube, when it has been used, should not be replaced 
in a tin in which there may be new tubes. Should a tube 
have deteriorated through age or neglect of the aboveprecautions, 
it will usually appear of rather darker colour and more opaque. 


360. Change of depth by the number of fathoms of 
wire run out.—On account of the regular rate at which 
the wire runs out, due to the action of the automatic brake, 
any large change in the depth of water at successive soundings 
is immediately apparent, on the lead reaching the bottom, if 
the reading of the dial is noted on each occasion. This 
method of noting a change in the depth of water is particularly 
valuable, because it gives an earlier indication that the ship is 
approaching shallower water than is obtained by the subse- 
quent measurement of the chemical tube. For this reason, 
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the men who work the sounding machine should be instructed 
to immediately report any large decrease in the number of 
fathoms of wire run out between successive soundings, | 


It is found, when the precautions, which are enumerated below, 
are complied with, that for a particular speed of the ship, the. 
depth of water bears a more or less constant relation to the number 
of fathoms of wire run out, and therefore it is possible to construct 
a table for a particular sounding machine, which shows the amount 
of wire required for the lead to reach the bottom, corresponding 
to various depths and speeds of the ship. Such tables, con- 
structed for sounding machines in_ perfect adjustment, are 
supphed to H.M. Ships. As it is unlikely that all machines are 
identical, the table should be checked before being used by 
comparing the amount of wire run out with the depths obtained 
with chemical tubes at various depths and for various speeds. 
The depth of water should not, in general, be obtained by 
means of these tables, but a chemical tube should be used 
at each sounding, except as explained in the following article. 


In order to ensure that the proportion between the depth 
and the number of fathoms of wire run out should be as con- 
stant as possible for.any given speed of the ship, the following 
points should be attended to— 


(a) When releasing the main brake, which should have been 
previously eased, at the order “Let go” the handle 
is given one complete turn in the contrary direction 
to heaving in; this should be done smartly. 


(b) Sinkers of the same shape and of exactly the same weight 
should always be used. 


(c) The same length and size of stray line should always be 
used, the swivels should be identical and the guard 
tube seized on in the same place. 


(d) The same brake weight should be in use, because at a 
given speed, a heavier weight would not allow the 
wire to run out as fast as a 6-lb. weight. 


361. How to take soundings.—The wire having been 
snatched in the block, insert the chemical tube in the guard 
tube, with its sealed end uppermost. Arm the lead, that is, fill 
a small cavity in its base with soap, in order that a sample of 
the bottom may be obtained. Haul the traveller to the end of 
the spar, and lower the lead to the water’s edge, easing off the - 
wire by means of the handles while doing so, then the brake 
catch-pin should be reinserted and the pointer set to zero. 
Kase up the main brake until the wire is just. about to run out, 
Holding one of the handles in one hand and the brass feeler in 
the other, gently press the feeler on the wire, and, having noted 
the exact position of the handle, give it exactly one turn in the 
direction of running out. The wire will now run out, and a 
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man should be stationed to note the exact reading of the dial at 
the instant the lead reaches the bottom, which is detected by the 
slackening of the wire under the pressure of the feeler; the 
handle should now be turned in the direction of heaving in, 
and this will apply the brake and stop the wire. This applica- 
tion of the brake should be made gradually and evenly and 
not violently (§ 359). The brake catch-pin may now be with- 
drawn and the wire hove in, being guided on to the drum 
through a piece of oiled canvas. When the lead is clear of the 
water the outhaul may be eased, when the continued reeling in 
of the wire will bring the traveller into the ship’s side, and the 
chemical tube may be removed and compared with the scale. 
The base of the lead should now be examined in order to 
determine the nature of the bottom. 

A book, called the sounding-book, is provided, and all 
information relating to soundings taken should be entered in it. 
As one of the data entered in the book is the speed of the ship, 
an inspection will show whether the table for sounding without 
the tubes is correct. When sounding at frequent intervals 
it is unnecessary to use a chemical tube on each occasion if the 
depths are regular, but if one is used at about every sixth cast 
of the lead, the depth at the intermediate casts may be inferred 
from the amount of wire run out. 

The spars, or sounding booms, should always be rigged in 
place when under weigh, and soundings should be taken con- 
tinually when in pilotage waters. It is advisable that the 
sounding party should be instructed to sound at certain regular 
intervals as indicated by the clock, for, should it be necessary 
to estimate the ship’s position by plotting the soundings on 
tracing-paper (S$ 67), the work is much simplified. 

Sounding machines are generally placed on either side of 
the ship and, when it is necessary to obtain soundings with 
great rapidity, it is advisable to have two sounding parties, 
and to work the machines alternately. When steaming in 
20 fathoms at a speed of 10 knots, soundings can be con- 
tinuously taken with one machine at the rate of one a 
minute. 

When the machine is not in use the main brake should 
never be left set up. 

The principle of the action and the method of working the 
sounding machine which is driven by an electric motor, are 
similar to what has been described above, with the following 
exception :- - 

On the left of the machine is a skeleton wheel, keyed to the 
shaft, and, when taking a sounding, this wheel is turned through 
one revolution to release the drum in the same way, as the handle 
of the hand-worked machine. On the lead striking the bottom 
the switch of the motor is put over about nalf-way, when the 
motor puts on the main brake and commences to heave in the 
wire. Theswitch should now be gradually put over to the “‘ on”’ 
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position, when the wire will be hauled in at full speed. While 
heaving in, a careful watch should be kept on the indications of 
the dial; the motor switch should be eased up gradually when 
the pointer shows 10 fathoms, in order that it may be possible to 
stop heaving in the wire at the correct time. Should the 
motor be out of order, handles may be shipped and the machine 
used as a hand machine. 


362. The station pointer.—The station pointer, Fig. 274, 
consists of a graduated circle and three arms, the chamfered 
edges of the latter radiating from the centre of the circle. One 
leg OA is fixed and its chamfered edge corresponds to the 
zero of the graduations of the circle, which are marked at every 
half degree from 0° to 180° on either side of the zero. The two 
legs OB and OC, called the left and right legs, may be revolved 
about the centre O and clamped in any position. The 
settings of their indices on the graduations indicate their 
respective inclinations to the centre leg. 


Fig. 274. 


The centre of the circle is indicated by a small nick in the 
chamfered edge of the fixed leg, and, when using the instru- 
ment, a very sharp pencil point should be used, in order that the 
mark made on the chart may exactly correspond with the centre 
of the instrument which is on the continuation of the edge of 
the fixed leg. 


The champhered edge of the right leg cannot be brought 
very close to that of the centre leg; for this reason when the 
right-hand angle is very small, and consequently the right leg 
cannot be set to it, the left leg should be set to the small angle ; 
the right leg should be moved round and set to the sum of 
the right and left angles measured from the fixed leg to the 
left. Under these circumstances the fixed leg should be directed 
to the right-hand object. 
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To check the accuracy of the instrument, radiating lines 
should be ruled on a sheet of paper, the angle between adjacent 
lines being 10°, and laid off by the method of chords. The 
instrument should be placed on the paper with the nick exactly 
at the centre of the radiating lines, and with the chamfered 
edge of the fixed leg coincident with one of them. Weights 
should be placed on the instrument to prevent it from being 
_ accidentally moved, and the right and left legs should then be 
successively placed so as to coincide with the lines, and the 
readings of the scale ascertained. The errors corresponding to 
the various angles, marked + or — according as they should be 
applied to an observed angle, should be tabulated and pasted 
in the lid of the box. While testing the instrument it should 
be noted whether the chamfered edge of each leg coincides 
throughout its whole length with one of the straight lines. 


363. The marine barometer.—The barometers used 
on board ship are of three kinds—the marine barometer, the 
aneroid and the barograph. 


The marine barometer is a special type of mercurial baro- 
meter, which latter, in its simplest form, is merely a glass 
tube closed at one end and filled with mercury, the tube and 
mercury having been boiled in order to extract any minute 
particles of air which may adhere to the sides of the glass ; 
the tube is inverted and its open end placed below the level 
‘of the surface of the mercury contained in a small cistern. 
The mercury now descends in the tube until the weight of 
the column is balanced by the pressure of the atmosphere 
on the mercury in the cistern. By means of a scale of 
inches, whose zero is level with the surface of the mercury in 
the cistern, the exact height of the column may be recorded. 
Certain corrections have to be made to the reading as shown by 
such a barometer, in order that comparisons may be made with 
other barometrical observations. ‘The necessities for these 
corrections are as follows :— 


(1) Capacity.—When the barometer scale is fixed, its zero is 
level with the surface of the mercury in the cistern at 
one particular pressure only. When the pressure 
decreases, the mercury in the tube drops and 
flows into the cistern, where it raises the level; 
the reading is now too high, since the zero of the 
scale is below the surface of the mercury in the 
cistern; the converse occurs when the _ pressure 
increases. 

(2) Capillarity—This correction is made necessary by the 
affinity of the mercury for the interior surface of the 
tube, which lowers the level at the edge and gives a 
curved form to the top of the mercury column. 
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(3) Temperature.—As the temperature rises or falls, so does 
the volume of mercury increase or diminish, so that 
to make comparison possible a certain fixed tempera- 
ture, to which all readings may be reduced, must be 
selected. 


(4) Height.—-The pressure of the atmosphere is a maximum 
at the sea-level and decreases with the height there- 
from, so that to make comparison possible a certain 
level has to be selected. 


(5) Latitude.—The weight of a column of mercury increases 

| from the equator to either pole, so that it is necessary 
for some latitude to be agreed upon as the standard 
latitude at which weight is measured. 


The marine barometer, Fig. 275, consists of a glass tube 
mounted ina metal case, at the bottom of which isa cistern ; the 
mercury tube is exposed to view at the top in order that the 
level of the mercury may be read off by means of a brass scale 
and vernier, the latter being constructed to read to ‘Ol of an 
inch and in some cases to ‘005 of an inch, and being adjusted 
by means of the milled head D. 

Between the cistern and the scale an air-trap A is fitted, so 
as to catch any particles of air which may creep up the inside 
of the glass tube. There is a small hole H in the top of the 
cistern, which allows the atmosphere free access to the surface 
of the mercury. When the instrument is laid down, or inverted, 
the mercury is. prevented from. escaping through this hole by 
means of a leather valve. 

The bore of the tube is contracted for the greater part of its 
length for the purpose of giving the tube greater strength and 
reducing the weight, and it is further contracted as shown at C, in 
order to prevent an up and down motion of the mercury (called 
pumping) due to the rolling and pitching of the ship; this 
contraction increases the friction of the mercur yin the tube and 
consequently the marine barometer is somewhat slow in recording 
changes of pressure. 

The instrument is supported in gimbals carried on a spring 
bracket, which is secured to a bulkhead. 

The instrument should be placed in a carefully selected 
position, which should be, if possible, near the centre of gravity 
of the ship, away from traffic and in a uniform temperature. 

When it is necessary to remove the barometer from the 
bulkhead, as, for example, when it has to be packed or when 
guns are being fired, the instrument should be inclined in order 
that the mercury may fill the space which is ordinarily a vacuum, 
and so be unahle to impinge on the top of the tube. The 
process should be carried out very slowly because, as the 
instrument is inclined, the pressure of the atmosphere drives 
the mereury up the tube, and the impact on the top of the tube 
may cause breakage. . ‘I'he instrument, when removed from the 
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bulkhead, should be kept with the cistern end above the level 
of the top of the tube. ‘The handle of the barometer box is so 
fitted that, when the instrument is being carried in the box, the 
cistern end is slightly elevated. 


Bulkhead 


BiGeee ro, 


The various errors enumerated above are eliminated or 
allowed for in the marine barometer as follows :— 


(1) Capacity.—This is eliminated in the graduation of the 
scale by means of what are known as “ equivalent 
inches,” the inch readings being made shorter than 
true inches ; for example, if the area of the cistern is 
24 times the area of the upper part of the tube where 
the variation in level takes place, for a change of 
barometric pressure of 1 inch the column rises or 


s 
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falls 34ths of an inch while the surface in the cistern 

falls or rises's!;th of an inch, and, as the zero of the 
scale cannot be altered, the divisions marked on the 
scale as inches must be really 34th inch. 


(2) Capillarity.—A correction for this error is permanently 
made by cutting off a small amount from the bottom 
of the scale. In this connection it may be remarked 
that, when reading the instrument, the zero of the 
vernier should always be made to coincide with the 
highest part of the curved surface of the mercury 
column. 


(3) Temperature.—The temperature selected is that of the 
freezing point of distilled water, namely, 32° F. 
Attached to the side of the marine barometer is a 
thermometer B, Fig. 275, and in order that all 
readings of the barometer may be of value to the 
Meteorological Office in the construction and correc- 
tion of isobaric charts, the reading of this attached 
thermometer should be taken and noted at each 
observation. A table for the correction is given in 
the Barometer Manual, reference to which shows that 
the correction is zero when the temperature is 28° F. ; 
this is so because a correction for the expansion or 
contraction of the brass scale is’ included in the 
table. 


(4) Height.—The level of the sea has been selected as the 
standard level, so that when comparing the readings 
of two barometers, the corrections due to their 
respective heights should be added to each. The 
decrease of atmospheric pressure is ‘O01 of an inch 
of mercury for every foot above sea-level. The 
height, at which the barometer is placed on board, 
should be entered on the first page of the ship’s log 
for the information of the Meteorological Office. 


(5) Latetude.—The latitude of 45° has been selected as the 
standard, and a table for reduction to this latitude is 
given in the Barometer Manual. 


The heights of the barometer.and attached thermometer 
should be observed and recorded in the ship’s log every four 
hours; in unsettled weather additional observations should he 
taken. 


364. The aneroid barometer.—The aneroid barometer 
depends for its indications on the movement of the top of a 
thin corrugated metal drum, which is partially exhausted of air 
so as to make it very susceptible to slight changes of external 
pressure. ‘The top is connected to a pointer by means of a 
delicate mechanism which greatly magnifies its movement. 
The pointer can be set to indicate any particular pressure 
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by means of a screw at the back of the instrument, and as 
the mechanism is liable to derangement, the reading of the 
instrument should. frequently be compared with that of the 
mercurial barometer. If any difference is found, the aneroid 
should be adjusted to correspond with the mercurial barometer. 
The great advantages of the aneroid barometer are its con- 
venient size, and the rapidity with which it shows any change 
of atmospheric pressure. ? 


365. The barograph.—A. barograph is an aneroid_ baro- 
meter provided with a lever which records variation of pressure 
on arevolving drum. It is in some respects a more valuable 
supplement to the marine barometer than the aneroid of the 
ordinary form. It is not only useful in enabling an observer 
to detect casual errors in the readings of the marine barometer, 
but also gives a continuous record of barometric pressure for 
reference. Barographs, moreover, register minor fluctuations of 
atmospheric pressure which are seldom noticeable in the action 
of the mercurial barometer. The instrument should be secured, 
or suspended, in a position where it is least likely to be affected 
by concussion, vibration or the movements of the ship. 

The drum is driven by clockwork and makes one revolution 
in seven days. ‘The paper forms, which fit on the drum, are 
graduated so as to show the day and time of day, as well as the 
height of the barometer in inches; a part of aspecimen is shown 
in Fig. 164. Means are provided for adjusting the pen point so 
that it corresponds with the reading of the marine barometer, 
and a lever enables the pen to be withdrawn from the paper 
while the instrument is being moved, or during the firing of 
guns. 


366. Thermometers.— Besides the thermometer used for 
taking the temperature of the sea-water, which should be 
observed every four hours when the ship is under way, two 
thermometers are kept mounted side by side in a wooden 
screen. One of these is fitted with a single thickness of fine 
muslin or cambric, fastened tightly round the bulb, and this 
coating is kept damp by means of a few strands of cotton wick, 
These strands are passed round the glass stem, close to the bulb, 
so as to touch the muslin and have their lower ends in a bow! of 
water placed close to the thermometer. This thermometer 
usually shows a lower temperature than the other, and the 
difference, commonly called the depression of the wet bulb, 
depends on the degree of dryness of the air. Such a combina- 
tion is called a hygrometer, and a thermometer fitted as above 
is called a wet bulb thermometer, to distinguish it from the 
ordinary thermometer, which has its bulb uncovered and is 
known as the dry bulb thermometer. 

The depression of the wet bulb thermometer is caused by 
the evaporation from the moistened covering of the bulb. When 
the humidity of the atmosphere is very great, during or just 
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before rain, or when fog is prevalent or dew is forming, there 
is little or no evaporation, and the readings of the two thermo- 
meters are very nearly the same; at other times the wet bulb 
thermometer gives a lower reading than the dry, because the 
water evaporates from the muslin, and in the process of passing 
into the state of invisible vapour, it absorbs heat from the 
mercury 1 the bulb with the result that a lower temperature is 
indicated. As the air becomes less humid, the evaporation is 
greater, and the fall of temperature’ of the wet bulb is also 
greater ; accordingly the difference of reading between the dry 
and wet bulbs is then also greater. ‘The difference sometimes 
amounts to 15° or 20° I’. in England, and more in some other 
parts of the world ; but at sea the difference seldom exceeds 10°. 

The accuracy of the record of. the humidity of the air 
depends greatly on the precautions taken to ensure cleanliness, 
and on the provision of a proper supply of fresh water. It 
should be remembered that. the observations are rendered faulty 
by the presence of salt water or dirt on the muslin or in the 
water. During frost, when the muslin is frozen, observations 
may still be taken, because evaporation takes place from ice as 
freely as from water. The reading of the hygrometer should 
be observed and recorded in the ship’s log every four hours. 


367. The maximum thermometer.—This instrument 
is provided fot recording the maximum temperature of the air 
in the chronometer box during each day. It differs from an 
ordinary thermometer in that the zero is at the end of the tube 
furthest away from the bulb, and it has a small contraction in 
the bore just above the bulb, the effect of which is to increase the 
friction set up between the mercuryand the glass, and therefore to 
prevent any passage of mercury unless it is under considerable 
pressure. Its action depends on the difference between the 
frictional resistance offered by the contraction of the bore and 
the combined forces of gravity and expansion of the mercury 
due to increase of temperature, the two last named being largely 
in excess of the first. When the instrument is suspended 
vertically, its bulb uppermost, the mercury in the bulb re- 
mains there if the temperature remains uniform, because the 
force of gravity is not sufficient to overcome the friction af the 
contraction. If the temperature decreases, the mercury still 
does not move, but a small space is formed in the bulb due to 
the contraction of the mereury. On the other hand if the 
temperature increases, the mercury expands and the surplus 
portion is forced through the contraction and falls to the 
bottom of the bore, which it fills by an amount which depends 
on the rise in temperature. 

Thus the height of the mercury in the bore of the tube gives 
a record of the maximum temperature reached since the instru- 
ment was last set, and may be read off on the scale. 

The mereury which has been forced through the contraction 
may not fall to the bottom of the tube, but may adhere to the 
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side. In this case the thermometer should be inverted and the 
two portions of mercury allowed to-jom and move together to 
the bottom of the tube. 

To reset, swing the instrument with the bulb downwards ; 
the mercury at the bottom of the bore, under the influence of 
centrifugal force and gravity, is then able to overcome the resist- 
ance of the contraction and to refill the bulb. After bemg 
reset and suspended, bulb uppermost, the instrument should 
indicate the temperature at the time. 

The maximum thermometer should be read and reset every 
day when the chronometers are wound and compared, and the 
reading should be entered in the chronometer journal. 


368. The minimum thermometer.—tThis instrument 
is provided for recording the minimum temperature of the air in 
the chronometer box during each day. It differs from an ordi- 
nary thermometer in that alcohol, on account of its transparency 
and low freezing point, is substituted for mercury. A small 
black glass index, shaped like a dumbbell, is inserted in the 
column of liquid in the bore of the tube, and the action of the 
instrument depends on the movement of this index, which 
results from its being unable to break through the surface of 
the liquid. 

The tube is kept in a horizontal position, and when the 
temperature rises the index remains stationary, and the liquid 
flows past it along the bore; but if the temperature falls, the 
index is carried towards the bulb as soon as the surface of 
the liquid touches it, and this movement continues until the 
temperature ceases to fall. Thus the position of the index gives 
a record of the minimum temperature reached since the 
instrument was last set, and may be read off on the scale. 

Sometimes a division occurs in the spirit due to a fall or 
shake; to clear this the thermometer should be held, bulb 
downwards, and shaken vigorously. 

To reset, the instrument should be held with the bulb 
uppermost; the index will then slide down till one end 
encounters the surface of the liquid, through which it will be 
unable to break 

The minimum thermometer should be read and reset every 
day when the chronometers are wound and compared, and the 
reading should be entered in the chronometer journal. 
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The R.A. of Mer. (local Sidereal Time) is found by adding » the Right Ascension of the Mean Sun to the local Mean Time. 
The signs + under Equation of Time denote additive or t subtractive to Apparent Time and vice versa to Mean Time. (to 
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APRIL, 1914. VI. 

G.M.T THE SUN. 
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The R.A. of Mer. (local Sidereal Time) is found by adding the Right Ascension of the Mean Sun to the local Mean Time. 


The signs + under Equation of Time denote additive or subtractive to Apparent Time and vice vers4 to Mean Time. 
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APPENDIX B. 


DAILY WEATHER REPORT OF THE 
METEOROLOGICAL . OFFICE. 


CHANGE OF UNITS OF MEASUREMENTS. 
BaRoMETRIC PRESSURE IN PRessurRE UNITS. 


In their Eighth Report to the Lords Commissioners of His 
Majesty's Treasury, the Meteorological Committee intimated 
their intention to use Absolute Units for pressure in the 
Daily Weather Report of the Meteorological Office from Ist 
May, 1914. 

The absolute unit of pressure on the the Centimetre-Gramme- 
Second system™ is the dyne per square centimetre. As this 
unit is exceedingly small a practical unit one million times as 
great has been suggested. This unit, the megadyne per square 
centimetre, is called a “bar.” In the Daily Weather Report 
the centibar and the millibar, respectively, the hundredth and 
the thousandth part of the “bar” are adopted as working 
units. The relation between the millibar and the inch of 
mercury is given in the tables overleaf. 


Reasons for the Change. 


One of the principal reasons for this change is that it isa 
step towards the adoption of a system of units which may 
become common to all nations. 

The system was approved by the Meteorological Council in 
1904 and by the Gassiot Committee of the .Royal Society in 
1910. Upon the initiative of Professor V. Bjerknes, formerly 
professor at Christiania, and now of the Geophysical Institute at 
Leipzig, it was used in important publications of the Carnegie 
Institution of Washington, and was adopted by the International 
Commission for Scientific Aeronautics for the international 
publication of the results of the investigation of the upper air. 
Since 1907 the system has been used in the Meteorological 
Office for the upper air, and since 1911 for the data from the 
Observatories where Centimetre-Grand-Second units have been 
used for many years in connection with magnetism and elec- 
tricity. The Weather Bureau of the United States has adopted 
millibars and absolute temperatures on the Centigrade Scale for 
the issue of dailv charts of the Northern Hemisphere, which 
began on Ist January, 1914; the Royal Meteorological Society 
has decided to use millibars for the expression of the series of 


* Particulars of the Centimetre-Gramme-Second system are given in the 
Observer's Handbook, 1913 edition. 
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pressure normals for the British Isles, which it is now preparing ; 
and the Meteorological Office has followed the example of the 
Weather Bureau in using absolute units for the daily maps in 
the Weekly Weather Report, but its isobars are figured in 
centibars as they were in the specimen issued with the Kighth 
Annual Report. 


The Screntifie Appeal. 


The ground of scientific appeal to all nations to adopt the 
bar, centibar, and millibar is that these units fall naturally into 
place as members of the Centimetre-Gramme-Second system of 
units which has already become universal for Magnetism and 
Electricity and most branches of Physics. Its principles are 
therefore well known. ‘The inch and the millimetre are really 
units of length, and to estimate the effect of a pressure measured 
in terms of height of a column of mercury it is necessary to 
introduce the value of the density of mercury at some particular 
temperature, and the value of the acceleration due to gravity 
at a par ticular place. It is well known that the atmospheric 
pressure at sea level in Britain varies between 133 and 15 lbs. 
weight per square inch. The pound weight per square incha is 
often used by engineers, but it 1s not a convenient unit because 
its value depends upon latitude. 


The Upper Avr. 


The past fifteen years have witnessed the collection of exten- 
sive meteorological observations in the upper air made by means 
of kites and balloons, from which important results have already 
been deduced. ‘T'he absolute system of units is the most con- 
ventent for the discussion of the data so collected, and’ it is 
being generally adopted for the purpose. The rapid develop- 
ment of aviation makes it impossible to draw a line between the 
academic study of the meteorology of the upper air and the 
practical meteorology of the Daily Weather Report. The use 
of two systems of units, one for observations made at the surface, 
and the other for observations taken at higher levels, could only 
retard progress. 


Practical Considerations. 


It is acknowledged that an accuracy of one thousandth of an ~ 
inch is not really attainable in practice. For many years the 
Inspectors of the Meteorological Office have had to be satisfied 
with agreement within 003 in., and now the National Physical 
Laboratory has ceased to certify barometers of the Kew pattern 
to the thousandth of an inch. Consequently with an instrument 
graduated to ‘OQ1 in., observers are being asked to read to an 
accuracy which is acknowledged to be unattainable. On the 
other hand an accuracy of the hundredth of an inch is not good 
enough for scientific purposes. 
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The practical degree of precision for a mercury barometer 
of the Kew type is one-tenth of a. millibaur. Graduation in 
centibars and millibars, with a simple vernier scale for esti- 
mating to tenths of a millibar, thus brings the demand for 
accuracy made upon the observer into harmony with that 
actually attainable. The new graduation does away with the 
complications of the conventional vernier scale in use on baro- 
meters graduated in inches, and consequently the risk of errors 
of observation is reduced. 


The Percentage Barometer. 


Another advantage is that the Bar, or Centimetre-Gramme- 
Second atmosphere, differs but little from the standard atmos- 
phere. The equivalent of the adopted normal value at sea 
level of 29°92 mercury inches is 101°32 centibars, or 1013°2 
millibars. The lowest barometer value ever observed for sea 
level in the British Isles is 925°5 millibars, the equivalent of 
27°33 inches. This value was recorded at Ochtertyre on January 
26th, 1854. The highest value is 1053°5 millibars, the equiva- 
lent of 31°11 mercury inches. It was recorded at Aberdeen on 
January 31st, 1902. 

A reading of 100 centibars, or 1,000 millibars, is equivalent 
to 29°53 mercury inches. It will be remembered that the word 
“change” is placed opposite the sea-level reading 29°5 in the 
conventional descriptions engraved on dial barometers. Thus 
in a barometer graduated in centibars the reading 100 would 
occupy the position conventionally marked “change.” 


Practical Course to be pursued. 


It is evidently impossible at one operation to change all the 
barometers in use in the various services, and even in the most 
favourable circumstances there must be for many observers a 
time when the readings are taken on one scale, and the results 
quoted or published in another. ‘Tables of equivalents are 
given herewith for making the necessary conversion. 

‘The barometers issued by the Meteorological Office will be 
graduated in both scales.” 


RAINFALL Data IN MILLIMETRES, 


As a further step in the direction of international uniformity 
all rainfall data will be published in the Daily Weather Report 
in millimetres instead of inches. The occasion for making the 
change is that modifications are being introduced into the 


* Tt should be borne in mind that the inch scale is graduated to be 
correct at 62° F., the millibar scale at the temperature of the freezing point, 
32° F. When both scales are at the same temperature the relation between 
them is that shown in the conversion tables corrected by the subtraction of 
0°3 millibar, e.g., the graduation 28:0 inch shouldagree with the graduation 
948° 2-'3 or 947°9 millibars. 
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telegraphic code used for the exchange of meteorological infor- 
mation in Europe. 

The reading of rainfall in this country has been’ caeiee to 
hundredths, sometimes to thousandths of an inch, but the 
readings to the higher degree of accuracy have seldom any 
practical meaning. The readings on the metric system are 
carried to 0'1 millimetre, 0°004 inch, which represents satis- 
factorily the highest degree of accuracy. The range is from 
‘Ol to 8,4, or even more inches in exceptional circumstances, 
for a day’s rain. The telegraphic code hitherto in use has made 
provision for reporting amounts up to 10 inches, though the 
large majority of the readings are under 2 inches. ‘The code 
now to be introduced makes provision for reporting amounts 
up to 100 millimetres or 4 inches. 

As one inch is approximately equivalent to 25 millimetres 
the conversion from millimetres to inches, or vice versa, may be 
made with sufficient accuracy for most purposes by multiplying 
or dividing by 4 and appropriately shifting the decimal point. 
Tables of conversion are given herewith. 


Winp VELOCITIES IN METRES PER SECOND. 


Wind force will be specified on the Beaufort scale. Occa- 
sional reports are received from anemometer stations regarding 
the extreme wind velocities attained in gales. These data are 
published on the front page of the report. The unit of wind 
velocity used in such cases will be the metre per second. Tables 
for converting velocities from miles per hour to metres per 
second, or vice versa, are given below. 


METEOROLOGICAL OFFICE, 
Lonpon, 8.W., W. N. SHAW, 


April, 1914. Director. 


CONVERSION 
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TABLES. 


PRESSURE VALUES. 


Equivalents in Millibars of Inches of Mercury at 32° and 
Latitude 45°. 


mei 00 01 02 93 | 04 | -05 : 06 | -07 | 08 09 
cury 
oo: Millibars, 
27-0 | 914°3| 914°6| 915-0) 915-31 915°7] 916-0] 916-3] 916-7] 917-0] 917°4 
27:1 | 917-7| 918-0| 918-4| 918°7| 919-0} 919-4! 919°7| 920-1] 920-41 920-7 
27-2 | 921-1| 921-4] 921-8) 922-1, 922-4] 929-8/ 923-1| 993-4| 923-8! 994-1 
27-3 | 994°5| 924-8) 925-1) 925-5| 925-8] 926-1) 926°5| 926°8| 927-21 927-5 
27-4 | 927-9| 928-2] 928-5 928-9 929-21 929-5| 929-9) 930-2| 930-6] 930-9 
27-5 | 931-2] 931-6) 931-9 932°3. 932-6] 932-9! 933-3] 933-6! 933-9] 934:3 
27:6 | 934°6| 935-0) 935-3 935-6 936-04 936°3| 936-7! 937-0] 937-31 937-7 
27-7 | 938-0] 938°3| 938-7, 939:0| 939-41 939°7| 940-0) 940°4| 940°7| 941-1 
27°8 | 941-4] 941-7) 942-1) 942-4) 942-81 943-1| 943-4] 943-8] 944-1) 944-4 
97-9 | 944-8] 945-1] 945-5, 945-8 946-1] 946-5] 946-8] 947-2] 947-5] 947-8 
28:0 948-2] 948-5! 948-8, 949-2) 949-5) 949-9] 950-2/ 950-5] 950-9] 951-2 
28:1 | 951-6) 951-9! 952-2! 952-6| 952-9] 953-2| 953-6| 953-9] 954-3 954-6 
28-2 | 954-9] 955-3! 955-6| 956-0) 956-3) 956-6| 957-0| 957-31 957-7| 958-0 
28-3 | 958-3] 958-71 959-0) 959-3. 959-71 960-0| 960°4| 960°7| 961°0| 961-4 
28:4 | 961-°7| 962-1) 962-4) 962-7) 963-1] 963-4! 963-7] 964-1] 964-4! 964-8 
28-5 | 965-1) 965-4) 965-8| 966-1) 966°5| 966-8! 967-1] 967°5| 967°8| 968-1 
28°6 | 968-5| 968-8) 969-2/ 969-5 969-8] 970-2| 970-5] 970-9| 971-2) 971-5 
28:7 | 971-9| 972:2| 972-6, 972°9| 973-2] 973-6| 973-9! 974-2| 974°6| 974-9 
28-8 | 975-3) 975°6| 975-9| 976-3! 976-6| 977-0| 977°3| 977°6| 978-0] 978-3 
28-9 | 978-6) 979-0 979-3! 979°7| 980-0] 980-3) 980-7| 981-0] 981-4] 981-7 
29-0 | 982-0| 982-4 982°7| 983-0) 983-4] 983-7! 984-1! 984-4! 984-7) 985-1 
29°1 | 985-4| 985-8 986-11 986-4! 986-8] 987°1| 987°5| 987°8| 988-1! 988-5 
29-2 | 988-8] 989-1| 989°5) 989°8| 990-2] 990°5| 990°8| 991-2| 991°5| 991-9 
29°3 | 999-2| 992°5| 992-9! 993-2! 993-5] 993-9! 994-2| 994-6| 994-9! 995-2 
29-4 | 995-6| 995-9) 996°3| 996-6) 996-9] 997-3! 997-6| 997-9] 998-3! 998-6 
29-5 | 999-0] 999°3| 999-6 | 1000-0/ 1000-31000-7 |1001-0 1001-3 {1001-7 | 1002-0 
29-6 |1002°4|1002°7/1003-0| 1003-4 | 1003-71004 -01004+4 10047 |1005:1/1005+4 
29-7 |1005-7|1006°1/1006°4| 1006-8 1007°1}1007-4|1007-8 |1008-1|10084/ 1008-8 
29-8 |1009°1| 10095 | 1009-8 | 1010-1 | 1010°541010°8 /1011°2(1011°5 11011°8 | 1012-2 
29-9 |1012°5| 1012-8 1013-2 1013-5 1013°9}1014-2 1014-5 1014-9 1015 :2| 1015-6 
| 
30°0 | 1015-9|1016-2| 1016-6 1016-9 1017°3]1017-6 1017-9 1018+3|1018°6| 1018-9 
30-1 |1019-3/ 1019-6 | 1020°0| 1020-3 1020-641021-0 1021-3 1021-7 |1022°0| 1022-3 
30-2 | 1022-71 1023-0 1023-3 1023-7 1024-0]1024-4 1024-7 1025-0 /1025-4| 1025+7 
30°3 |1026-1]1026-4| 1026-7 1027-1 | 1027-4 1027-7 1028-1 1028-4 1028 °8| 1029-1 
30-4 |1029-4| 1029-8 1030-11 1030-5 | 1030°841031-1 1031 °5/1031°8|1032-2| 1032-5 
30°5 |1032-8| 1033-2) 1033°511033-8 | 1034°241034:5 1034-9 /1035-2 1103-5 | 1035-9 
30-6 |1036-211036-6 | 1036+9| 1037-2| 1037-6]1037-9 1038-2 1038-6 {1038-9 | 1039-3 
30°7 |1039-6| 1039-9 | 1040°311040°6 | 1041 -OfL041-°3 1041-6 1042-0 |1042°3| 1042-6 
30-8 | 1043-0|1043°3|1043-7| 1044-0 1044°3]1044°7 1045-0 /1045+4|1045°7 | 1046-0 
30°9 |1046-4] 1046-7 | 1047-1] 1047-4 1047 -7[L048-1 1048-4 1048-7 1049-1 | 10494 
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Equivalents in Mercury Inches at 32° and Latitude 45° 
of Millibars. 


Mercury Inches. 
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Differences for tenths of a millibar :— 
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RAINFALL VALUES. 


Equivalents in Millimetres of Inches. 


l inch = 25°4 Millimetres. 
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Equivalents in Inches of Millimetres. 


ia giant Bear sy bogt hor tins 9 
Milli- | | | 
metres. : : 
Inches. 

0 | 0-00 | 0-04 | 0-08 | 0-12 | 0-16 | 0-20 | 0-24 | 0-28] 0°32 | 0°35 
10 | 0-39 | 0-43 | 0-47 | 0-51 | 0:55 } 0°59 | 0-63 | 0:67 | 0-71 | 0°75 
20 | 0-79 | 0-83 | 0:87 | 0-91 | 0-95 | 0-98 | 1:02 | 1-06 | 1-10 | 1-14 
SO jets | 1-22 | 1-26 | 1-30 | 1-34 | 1-38 | 1-42 | 1:46] 1-50 | 1°54 
eoeeteoe)) 1-61 | 1°65 | 1-69 | 1-73 | 1:77 | 1-81 | 1-85 | 1:89-| 1-93 
eet 2 01 | 2°05 | 9:09, | 2-138 | 2-17 | 2-21 | 2-24 | 2-28 | 2-32 
60 | 2°36 | 2-40 | 2-44 | 2-48 | 2-52 | 2°56 | 2-60 | 2-64] 2°68 | 2-72 
70) 2°76 | 2°80 | 2°84 | 2-87 | 2-91 | 2-95 | 2-99 | 8°03 | 3-07 | 3-11 
80 | 3°15 | 3-19 | 3-23 | 3-27 | 3-31 | 3-35 | 3-39 | 3°43 | 3-47 | 3°50 
90° | 3-54 | 3-58 | 3°62 | 3-66 | 3-70 | 3-74 | 3-78 | 3-82 | 3°86 | 3-90 

Winp VELOCITY. 
Equivalents of Miles-per-Hour in Metres-per-Second. 
| . ] | 
Pee 0 | 1 | 2 | 3 | 4 5 | 6 | 7 8 | 9 
per : 
Hour. 
Metres per Second. 

Meer 0-4 | 079°) 1°3 | 1-8 |] 2-2 | 2-7] 3:1] 3°61 °4:0 
Meee} 5-4 | 5-8 | 68) 6:74 7:2) 7:6} 8:01) 8-5 
ee 94 | 9-8 | 10-3 | 10-7 | 11-2 | 11-6 | 12°) | 19-5-| 13-0 
30 | 13°4 | 13-9 | 14:3 | 14-8 | 15-2 | 15°6 | 16-1] 16-5 |-17-0 | 17:4 
40 ))17-9-| 18-3 | 18-8 | 19-2 | 19-7 | 20-1 | 20-6 | 21-0] 21-5} 21-9 
BO | 22-4 | 22-8 | 23-2 | 23-7 | 24-1 | 24-6 | 25-0| 25°56 | 25-9 | 26-4 
60 | 26-8 | 27°3 | 27-7 | 28-2 | 28-6 | 29-1 | 29-5 | 30-0] 30-4 | 30-8 
70 | 31:3 | 31-7 | 32-2 | 32°6 | 33-1 }.33°5 | 34-0 | 34:4 | 34-9] 35-3 
80 | 35-8 | 36-2 | 36-7 | 37-1 | 37-6 | 38-0 | 38-4 38-9 | 39-3 | 39°8 
90 | 40-2 | 40-7 | 41-1 | 41-6 | 42-0 | 42-5 | 42-9 | 43-4 | 43-8 | 44-3 

Equivalents of Metres-per-Second in Miles-per-Hour. 
wee ° | 1 | 2 3 4 5 | 6 | 7 | 8 | 9 
per — - 
d. 
iy Miles per Hour. 

0 | 00| 2:2] 46 6-7] 9-0] 11-2 | 13:4 | 15-7] 17-9] 20-1 
10 | 22-4 | 24-6 | 26-8 | 29-1 | 31:3] 33-6 | 35-8 | 38-0 | 40-3 | 42-5 
20 | 44-7 | 47:0 | 49-2 | 51-5 | 53-7] 55-9 | 58-2 | 60-4 | 62°6| 64:9 
30 | 67:1 | 69°4 | 71°6 | 73°8 | 76-1] 78:3 | 80°5 | 82-8 | 85-0 | 87-2 
40 | 89°5 | 91:7 | 94:0 | 96-2 | 98-4 ]100-7 |102°9 |105-1 | 107-4 |109-6 

} 


4.96 


‘Ivo 


8 | 2£-08-Z-L1| 9F-6E GP #-G | 9.%| ssorsoid sopedurt AT[v19UIS ¢ soot] FoOsstmy syvorg | Jt ‘tmoqavu OF oYvU syovurs [TY | - - Vy | 8 
‘PUIM JSULVSV SUTA[TVM 07 OIT BIS 4B 9SOT} 
L. | T-LI-6-€1l 88-Ze ee 9-¢ | 2-[| Woy [of VOUSTMOATOOUL * WOTJOU UI soot} TOY | PUY “IMoqIvy Ul UlvWeI syovUTg | - puta Usty | Y 
“SUL 
‘AJ MOUJIP YL posn seyporquin { sortm Ydeaiseyo4 -ysy uoyM porinbat ov “Tres 
9 | 8-€1-8-OL| 1e-ez 1 e.g | [-]| UL padvoy Surpjsrpa {uoTOU UL soyoURIq osIV'T | ULE UT Joo o]qnop savy SsyovuIg | - szveIq SUONY | 9 
‘S10JVM PUB[UL UO UILOF 840] 
e | L-OI-T-8 | #Z-61 IZ I¢-T | 2g. | -oavM poqsodo ! ABMS 07 ULseq Joy UL soot} [TBUIG | - - [It’s WezyIOYS Syovug | - odzo0Iq YSoly | ¢ 
4ST] 
*poaoul poos yy ‘svauvo [we Arvo 
7 | 0-8-¢-¢ | 8I-SI GT 19. | Gg. | sv soyouvsq [etus ‘ soded easoo] puv ysup sesivy | syovuls ‘ eze0Iq SUTYIOM poox) | 9Z901q d}V1IPOW | F 
: “Moy 
‘SVB IYST] SpuoyxXe pula Jod goyIm F-E ynoqe joavTy 
et 5,.G-7.6° | ZI-8 OL gg. 1. | { WoMOUt yUsUOD UT SBM} [[VUIS PUB SaAvaTT | puB ‘MooIvd 0} Ulseq syovutg | - ozo0Iq oTUIH | ¢ 
| ‘inoy aed soy Z-T 
‘pura Aq poaout qnoqe 3B dAOW Udy} Yor 
Z @.§-9.1 L-¥ 6 QO. | FO. | oUvA AIVUIpsO { aTSNA soavoT f odVJ WO Y[OF PUTAA | ‘SYovuls JO s[Ivs oy} STTY PULA | - oZedIG IYSTIS | Z 
‘souva pura Aq “£BAN 
I G.[-¢.0 e-7 e 10- LO. | JOU 4nq ‘3Jtrp eyous Lq WMOYS PULA JO UOTeMG | 9Sv1ee}s svy snl ,YOuus surysty | - - ie 4USTT | I 
>. uv} | T Ue} 
0 sso'T Sso'] 0 0 0 - - - A]TBOYAIA SOslI VYOUS § WVO | - . - - wyeO | - - wyRO | QO 
ee a w 
g Be )y4°bg) | g 
= “puooag a we | sed | ‘qu . peoqsjoH pue | = 
2 rad ik Ss ‘Sq'T ‘SUOT}VIG puvy 4v opvur ‘yqnoue x ‘ATTIOG “puUTAA JO 2 
— | Sacoyt ea U2 mi | SUOTJVAIOSAQ, UO posvq ‘puBy UO asf) IOWT 1% IPBUI SUOTIVAIOSGG = z 
= 9gNPBIS 3 5 . re wo poseq ‘as 4ysvOD 104 worydr11oseq 4 
5 < | ‘Ajisuog 5 
s = 2. prepueig a [eiauey) o* | 
= fsong1ooyo A AS. | ye oor0g | ? 
JO S}UUT'T —Q | pul UofT ‘a[vog }AoJnVIg jo uotvoyloadg 


TIqvVdOud HLIM AOUOd GNIM JO ATVOS LYOANVAE AHL JO NOLLVOIMMIONdS 


‘AITVOS AHL JO SHHAAWAN AHL JO SLINATIVAINGDA 


497 


‘inoy Jed saprur ut passetdxe AyOoTIA B 0} SurpuodseL109 JequUINU yLOFNvIg 9} SUIPUy LO 
(Z.G ‘LOJOVJ JoyowIOWINUR) INoY Jad sofTUL OFUT oTVOS yALOJNVEG ot} UO saqzVIMTyse SuyyIIAuo IOg 4 
‘Q9PBUI 9 JSNUI DOUVALOT[R SOULS 


-uMod10 [ewods IO} pUB s}VOq TaT[VWS IO oSIV[ Jog “utT] puv odé] asvIOAv Jo JO[MUI] v SuTJUESoIdeI sv UAL} oq ABU UUIN[OS STY} UI Youws SUIYsSy oy, » 


“aA0q’ cL GH cl ROnEL 


ZI | puvg.geg| saoqy | sA0qy | 940qQ¥! T-§ | - - - auBolLINA, | ZI 


‘asvulep peaids 


Il | ¢-€8-¢-8Z| ¢1-F9 89 0-#1) 2-9 | -oprm Lq porueduroooe ‘ poouattedxe Ajerer AI@A | - - - -|- - wo | II 
‘s1000 eSvUep [BINjONIYS 9[qVIOpIs 
OL | #-8Z-€-#z! ¢9-4¢¢ 69 €.01| 0-¢ | -woo £ payoordn saer} { puvyur peouattedxe WOpleg | - - - - | - 9[Bs sfOTAA | OL 


*(poaOWaL Sa}yVIsS puB 
6 F-FZ-8-0Z| FG-LF O¢ 1-2 | 2-¢ | syod Aetmutyo) sooo osvmep [einjontjs qSIIS | - - - 


- g[es SUONS 6 


ee i 


498 


The Beaufort Scale of Weather Notation, as used 
in the Daily Weather Report. 


b 


p 
h 


= blue sky, 2.¢e., sky quite |s = snow. 
clear, or not «more vats —,thunder, 
than a quarter clouded. |1 = lightning. 
= sky } to } clouded. | tl = thunderstorm. 
= sky = to $ clouded. tlr = thunderstorm, accom- 
= sky overcast, more than | panied by rain. 
three-quartersclouded. | q = squalls. 
= gloom. 'u = ugly threatening sky. 
=o ish v= visibility), “Ges aereas 
100 transparency, or clear- 
==\ rail. | ness, of the air, 
= drizzling rain. | rendering distant ob- 
= wet air, without rain — jects unusually visible. 
falling. -w = unusually heavy dew. 
= passing showers. ) Xs == hoaranoes 
== hail, _% = dust-haze, or smoke. 
Scale for Sea Disturbance. 
Description. Condition of Surface. 
O Calm - - Glassy 
1 Very smooth - - Slghtly rippled. 
2 Smooth - - Rippled. — 
3 Shght - - Rocks buoy, or small boat. 
4 Moderate’ - - Furrowed. 
5 Rather rough - Much disturbed, 
6 Rough - - Deeply furrowed. 
7 High - - Rollers with steep fronts. 
8 Very high - - Rollers with steep fronts. 
9 Phenomenal - - Precipitous; towering. 
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APPENDIX C. 


HYDROGRAPHICAL SURVEYING. 


1. Introductory.—The method of making a fully detailed 
survey is exhaustively treated in “ Hydrographical Surveying” 
by Wharton and Field, a copy of which is supplied to each of 
H.M. Ships; it is extremely rare for such a survey to be under- 
taken by any Officers other than those who have the full equip- 
ment of a surveying vessel at their disposal. 

Admiralty charts of nearly all ports and coasts are pub- 
lished, but it should be remembered that few charts are perfect 
or can remain so for long, on account of the numerous changes 
which are continually taking place; for example, in the depth 
of the water due to shifting sands or to dredging, and the 
erection of new buildings, piers, jetties, &c. In case it should 
be found that the existing charts of some particular area 
are incorrect, it is important that the area should be care- 
fully examined. A detailed report of all observations made, 
together with plans to show any changes which may have taken 
place since the existing chart was published, should be sent 
to the Hydrographic Department, in order that the necessary 
corrections may be made to the chart plate (Manual of Naviga- 
tion, § 168). In this appendix a brief explanation is given of 
the various methods of carrying out such an examination. 


2. Fixing Objects.—It frequently happens that con- 
spicuous buildings, flagstaffs, &c., which if charted would be 
useful to navigation, are not shown on the published chart. It 
is important, when fixing such an object, that its position 
relatively to the immediately surrounding charted objects 
should be satisfactorily determined. Various methods may be 
employed to fix an object. That which gives the most satisfactory 
results is for the observer to visit some point, the position of 
which is marked on the chart, and to observe the horizontal 
angle between some other object which is marked on the chart 
and the object whose position it is desired to fix. If this operation 
is repeated at three points and the three lines corresponding to 
the observed angles are laid off on the chart, their point of inter- — 
section will give the position of the object required. In the 
event of there being only two points marked on the chart from 
which the object can be seen, it is quite admissible to obtain 
the third line by an angle observed in the ship, the position of 
the observer at the time of observation being carefully fixed by 
means of the station pointer. It is important that all angles 
should be observed between objects situated at the same level, 
and the angles should be taken in the horizontal plane. The 
error due to objects not being at the same level is greatest when 
the observed angle is small. 
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When making use of a small angle and any doubt exists as 
to the objects being at the same level, it is advisable to — 
observe the angle.from each object to a third, the latter being 
so situated as to make a large angle with each of the other 
objects. The required angle will be the difference between 
the two angles observed. For example, an 
observer at O, Fig. 1, wishes to measure the | A B 
angle AOB. The angles AOC and BOC are 
measured, C being a distant but well-defined 
mountain peak, and the angle 


AOB = AOC — BOE. 


When selecting the charted objects to which 
the angles are to’ be observed the following 


points should be eonsidered. (ok = Cc 
The charted object should be as nearly as Reece 
possible at the same distance from the observer Fie. 1. 


as the object to be fixed. 


The angle should be a horizontal one and should be as small 
as possible. 


Another method is to observe from one point, the position 
of which is fixed on the chart, the angle between the object to 
to be fixed and the nearest suitable charted object. A round of 
angles having been observed at the object it is desired to fix 
and plotted on a piece of tracing paper, the line corresponding 
to the first angle observed should be laid off, and then the 
position should be fixed by means of the angles on the tracing 
paper ; the fix should fall exactly on the line. 


Compass bearings should never be used in place of sextant 
angles for corrections or additions to a chart. 

In laying off angles, if great accuracy is required, the 
method of chords should be adopted. 


3. To Lay off an Angle by Means of Chords.-—lt 
is required to find the length of a chord which subtends an 
angle @ at the centre of a circle of 
radius R. In Fig. 2 let AOB be 0, 
then AB is the chord whose length is 
required. From 0 drop a perpendi- 
cular OC on to AB. Then OC bisects 
the angle AOB, and, therefore, the 


angle AOC = = 
Now AB = 2AC = 2R sin x 


Figs 


Referring to Fig. 3. In order to lay off at the point Oa 
line at an angle 0 to the line OD, on OD. select a point A 
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such that OA = R, the radius selected. With centre O and 
radius OA describe the are of a.circle. Having calculated 


Biese3) 


the length of the chord from the above formula, with 
centre A and the chord as radius, describe the arc of a circle 
intersecting the previous circle in B. Join OB. Then the 
angle BOA = @. The largest radius which can be used should 
be selected, and the operation should be repeated on DO pro- 
duced as shown in the figure, not necessarily with the same 
radius. The three points B’,O, and B should all he in a straight 
line, which will be a check on the accuracy of the work. 


4. The Plotting Sheet.—When it is thought that the 
published chart is inaccurate, either in the soundings or in the 
coast line, and it is determined to re-examine a particular area, 
the first consideration should be the method to be adopted 
in plotting the work. When the existing chart is on a suffi- | 
ciently large scale and the various conspicuous objects on shore 
are well charted, the operation is very much simplified. In 
such a case, having examined the chart and noted all the con- 
spicuous objects, a tracing should be made of those portions of 
the chart which it is assumed are correct, taking care that all 
the conspicuous marks are shown. ‘This tracing is then laid on 
a sheet of paper, and all the conspicuous marks are pricked 
through. As soon as the tracing paper has been removed a 
circle should be drawn on the paper round each of these points 
and their names written against them. 


Consideration must now be given as to whether there are 
sufficient marks on the paper, and whether their relative posi- 
tions are such as to enable good fixes (Manual of Navigation, 
§ 65) to be obtained from all parts of the area it is proposed to 
examine. Should there not be sufficient, other conspicuous 
objects must be fixed as explained in§ 2. If insufficient objects 
exist, it becomes necessary to erect temporary marks and to fix 
their positions. When making such temporary marks white- 
wash will be found most useful. A patch of whitewash on a 
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wall or on the sloping surface of a rock, or a small white- 
washed cairn of stones, make excellent and conspicuous marks. 
The size such a mark should be made depends on the 
distance at which it will be used, and it is better to err on 
the side of making a mark too large rather than too small. 
Another type of mark which is frequently useful is a small 
flagstaff with a parti-coloured flag, one of the colours being 
white. 

When the chart is not on a sufficiently large scale we 
proceed as follows :—Having noted the conspicuous marks and 
put up temporary marks as described above, each should be 
visited. The angles, which are subtended between one 
distant but well-defined mark (not necessarily one of those 
selected) and each of the others, should be carefully observed 
with a sextant. The observations should be written down as 
shown below, the angles being written to the right or left of the 
distant mark according to the direction in which they were seen 
to be situated. 


Post AQ? 27". Sharp ~ 503.45 ssqmaees 
Wood 78 40 (a-distant 52 14 Red: 
Black: -.,99._03°>. ~peak).; 49/3; 4225 
late LS a3 f 113. 50 Isles 
Tower 120 02 


This method not only facilitates calculating the angle between 
any two objects, but prevents the cumulative effects of pos- 
sible uncorrected errors of the sextant, such as if Post were 
reflected to Wood, Wood to Black, Black to Flat, &. If 
possible the round of angles should be completed, and, as 120° 
is about the limit of angular measurement of any sextant, it is 
necessary to select another distant but well-defined object and 
repeat the process, taking care to connect this object with two 
of the more distant objects of the first series, thus :-— 


Rock +: 61°s22: °°" Hlag) 7222410 aoa 
67 42 Tree. 
(2°18. Sauee 
103 16 Tower. 


Then, as a check on the correctness of the whole operation, we 
have Tower 120° 02’ Sharp 75° 22’ Rock 61° 22’ Flag 103° 16’ 
Tower, the sum of which angles should equal 360°, or be within 
afew minutes of it, provided the correct index error has been 
applied to each angle and the side error taken out. 


It is now necessary to place the various marks on the sheet 
of paper, which is called the plotting sheet, in their correct 
positions relatively to one another. To do this we select two 
points, such as A and B, Fig. 4, as far apart as possible 
and so situated that two other points C and D, which are as 
near the limits of the survey as possible, can be plotted from 
them by the intersection, at a fairly large angle (60° to 120°), 
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of the two lines which result from plotting the observed angles 
at A and B. | 


Fia. 4. - 


Draw a straight pencil line on the plotting sheet to 
represent Ab, and, with a needle, prick through the points A 
and B at the requisite distance apart depending on the scale 
on which it is required to make the survey. As a general rule 
it will be found convenient to make the scale of the survey an 
exact number of times that of the published chart as this 
greatly simplifies the comparison of one with the other. 

From A and B lay off the angles to C and D and then 
provisionally prick through either C or D, for choice that one 
at which the lines intersect most nearly at right angles. In 
this case we have pricked through D; from D lay off a line 
DC at the observed angle to DA. If now all three lines to C 
intersect at a point, then both C and D can be pricked through 
permanently and from the four points A, B, C, and D, other 
points can be plotted. If the three lines through C do not 
intersect exactly, the work should be erased and the operation 
repeated. The accuracy of the observed angles may be checked 
by taking the sum of the three angles of each triangle, which 
should not differ from 180° by more than a few minutes. ‘The 
remaining points of the survey should now be plotted, each 
being fixed by the intersection of at least three lines the 
angles between which are not small. When satisfied with the 
position of each point it should be pricked through. ‘‘ Cocked 
hats”? are not admissible because if errors are once accepted 
they tend to accumulate and will lead to constant trouble. 
Finally all prick holes should be ringed round in ink. 

It may very well happen that the positions of some of the 
points depend solely on bad or doubtful fixes, and one is not 
_ justified in pricking them through; for example they may 
have at most only two lines intersecting at them, or only 
two intersecting at a large angle, due to the unavoidable fact 
that these marks are not visible from a sufficient number of 
points. In such a case it may be necessary to anchor a boat in 
a position which can be fixed by sextant angles making use 
of the points already plotted. An angle may then be taken from 
the boat to verify the position of the object. This method is 
frequently made use of for fixing points when there is no difficulty 
in fixing the boat. 
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The final scale used is obtained by measuring the distance 
between two points which can be identified. on the chart, 
and as far apart as possible, and comparing it with the 
distance as shown on the chart. The true bearing of one of 
these points from the other should be taken from the chart 
and a line, to represent a meridian, should be drawn through 
one of the points on the plotting sheet, at the correct angle 
to the line joining them. 

3 In the preceding method the scale of the survey has been 

obtained from the existing chart, and this in most cases will be 
sufficiently accurate. In some cases, however, the scale cannot 
be obtained by this method, for it may not be possible to 
identify any points on the chart, or the chart may be altogether 
erroneous, or it may be on too small a scale to enable the 
distance to be measured satisfactorily. It is therefore some- 
times necessary actually to measure a distance in order to 
obtain the scale of the survey. This may be done with sufh- 
cient accuracy by quite simple methods, provided the survey 
does not embrace a very large area. 


Let S, Fig. 5, be the position of the ship at anchor, A and B 
two points selected so that the angles SAB and ABS are small. 
The height in feet from the masthead to the waterline having 
been accurately measured, observers are sent to A and B with 
sextants. A flag is hoisted at the masthead of the ship and at 
a pre-arranged time is dipped smartly, at which signal the 
observers at A and B observe the masthead angle and immedi- 
ately afterwards the horizontal angles SAB and ABS. Tf 
possible two observers should be at both A and B as then both 
the vertical and horizontal angles can be observed simultane- 
ously. The observations should be repeated at regular intervals 
as often as considered necessary, but three times is usually 
sufficient. From each separate series of observations, AS and 
BS are first calculated from the observed masthead angles, 
whence 


AB = AStcos BAS BS cos Ae 
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Finally the mean is taken of the several values of AB, and this 
distance, represented by the length of AB in inches on the 
plotting sheet, affords a means of obtaining the scale of the 
survey, provided A and B are sufficiently far apart to be near 
the limits of the survey. If, however, the points A and B are 
not near or beyond the limits of the area to be surveyed, AB 
should be connected by suitable triangles with two points 
which are so situated, when the distance apart of these may he 
calculated by plane trigonometry. 

In the method described above, as the angles are all 
observed simultaneously or nearly so, the movement of the ship 
as she swings to her anchor makes no practical difference in the 
final result ; and in fact this method may be used even if the 
ship is under way, provided that her way is stopped for the time 
being, and that there are two observers at both A and B to 
ensure that all angles are observed simultaneously. 

Instead of observing the masthead angles at A and B the 
distances of A and B from the ship may be observed by range 
finder, one distance being observed after the other as quickly as 
possible when the flag dips, and the angles SAB and SBA being 
observed at the same time. This method does not give very 
accurate results and should only be used if A and B are suitable 
objects for range finding; the method by means of masthead 
angles should generally be used. 

It is as well to mention here that the range finder should 
not be used for general purposes. The main principle of sur- 
veying is that the positions of the several points of the survey 
should be correct relatively to one another, and the posi- 
tions of the soundings should be 
correct relatively to those of the 
points. This result can only be 
obtained by fixing both points and 
soundings by angles. A single 
clistance obtaimed by range finder 
may or may not be quite accu- 
rate, but any such inaccuracy in 
this case affects the scale of the 
whole survey, a fact which is of 
minor importance so long as the 
points of the survey are relatively 
correct. 

Use may be made of the ship 
for fixing points when they cannot 
be fixed in the ordinary way. For 
example, the ship is at anchor at 
S, Fig. 6, and a survey of the 
anchorage is required. The coast is 
nearly straight, and A, B,and C are 
three of the principal points that 
it is required to fix relatively to 

i! 
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each other. Observers having been stationed at A, B; and C 
and using a system of signals similar to that described above, 
simultaneous angles are observ : 
at A measures the angle BAS, the observer at B measures the 
angle ABS, and the observer at. C measures the angle BCS, the 
three angles being observed simultaneously ; the observations 
should be repeated three times. ‘The observers at A and C also 
measure the angles BAC and ACB respectively. ‘The whole 
angle ABC is also required, but being too large for the observer 
at Bto measure directly, he can wait until either of the other 
observers joins him. ‘The two observers then measure simul- 
taneously the two angles ABS and SBC, the sum of which is the 
angle ABC, this observation being repeated two or three times 
and the mean taken; or the observer at B may be able:to make 
use of a distant fixed object in the direction of D for example, 
and measure the two angles ABD and DBC; or Damay be a 
floating object provided it is sufficiently far off not to move 
appreciably whilst the two angles are being observed. It would | 
be advisable in the latter case to repeat the observation of the 
first angle, observing the angles thus ABD, DBC, ABD and 
accepting the mean value of ABD. In the event of it being 
impossible to find a suitable object, some mark on board the 
ship should be selected as the centre object, the first angle 
being repeated as before, the whole process repeated several 
times, and the mean accepted as the correct result. Finally 
with the angle ABC and the observed value of the angle 
ABS in each case, the corresponding value of the angle SBC 
is obtained. Now being given the angles at A and B in 
the triangle ABS, the angle ASB may be found; given the 
angles at 6B and C in the triangle SBC, the angle BSC may 
be found ; then 
BC = SB sin BSC cosec BCS 
SB = AB sin BAS cosec SAB. 
or BC = AB sin BAS cosec ASB sin BSC cosec BCS. 


AB should now be assumed as equal to any convenient number, 
say 1,000, and the corresponding value of BC may be found. 

This process should be repeated three times, using the angles 
observed at each signal, and from the resulis the mean value of 
BC may be obtained relatively to AB. 


Now in the triangle ABC drop a perpendicular from B on 
to AC) then AC = 1,000 cos BAC + BC cos ACB. 

We now have the relative values of AB, BC, and AC, and if 
the actual value of AC be found either by the previous method 
of masthead angles or taken from the chart, B can be plotted 
with respect to A and C. 


The position of the ship S with regard to A, B, and C is 
important. It is evident that to obtain the most accurate results 
the length of SB should not be much less than that of AB 
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or BC. Theoretically the best position for S with respect to 
A,B, and CU is such that the ‘angle ABS = SBC and the 
angle ASC = 180°—ABS. Naturally the ship cannot always be 
anchored in the most suitable position, but a boat can be very 
_ well used in place of the ship, the same process of signalling 
by dipping a flag being carried out. 

“Any number of points, such as A, B; C, D, H, &c., Fig. 7, 
can be relatively connected in the same way by moving the ship 
or boat successively to positions S,, 8,, S,, &c. 


Bre. 


With a straight length of coast this may often be the only. 
method available, and with care it is perfectly accurate pro- 
vided the positions of S,, S,, 8&3, &c., are suitably selected and 
the points A, B, C, D, EH, &c., are fairly equally separated. It is 
not necessary for the ship or boat to be actually at anchor pro- 
vided she is nearly stationary, and that the observations are 
made simultaneously at the three points. 

In the preceding methods it has been suggested that the 
angle at the ship should be calculated and not directly observed. 
This will be found to be the most convenient method and. the 
least liable to introduce errors. 


5. The Field Board.—In order to preserve the plotting 
sheet from harm, one or more copies of it are made on sheets 
of paper which have been previously pasted on to drawing 
boards. Such a board, on which the various marks are shown 
and on which all subsequent observations may be plotted at the 
time of observation, is called a field board. ‘To transfer the 
various fixed marks from the plotting sheet to the field board, 
the former is laid over the latter, and is partially covered with 
weights to keep it quite flat; the various points should then 
~be pricked through, after which they should be ringed round 
and their names written against them: The area it is proposed 
to examine should be roughly rmged in pencil, and it is con- 
venient to draw a scale of yards on the board. 


6. Sounding.—The value of a chart depends principally 
on the accuracy of the soundings, and as errors in the depths 
are not so easily detected as other errors, it is essential that 
special pains should be taken to obtain and plot the depths of 
the water accurately. As it is impossible to take a sounding 
at every point of the bottom it is necessary to adopt some 
definite plan; this consists of taking the soundings at close 
intervals along lines, a system of lines being so arranged that 

Lhe 


508 


each, as far as possible, will be at right angles to the probable 
direction of the various fathom lines which must be assumed to 
be parallel to the coast line. 

Sounding consists not merely in obtaining sufficient sound- 
ings to fill in the blank spaces on the chart, but in so thoroughly 
searching the whole area under examination with the lead line 
as to make sure that the least depths have everywhere been 
satisfactorily and accurately ascertained. Unless the least depths 
are so ascertained actual rocks or shoals may be missed. In 
the case of plans of new anchorages or channels, the resulting 
chart, through giving a false sense of security and so inducing 
ships to use it that would otherwise have avoided the locality, 
may prove to be an even worse danger than having no chart 
at all. 

The only method to ensure that the least depths are not 
missed is close sounding, and a further rigorous examination of 
the smallest indications of an irregularity in the bottom. By 
close sounding is meant not only that successive casts of the 
lead are obtained close together when running along each line, 
but also that the lines of soundings themselves are close 
together. How close, in order to ensure that irregularities are 
not missed, must to some extent depend on the depth and on 
the nature of the bottom. Off flat sandy shores a more evenly 
sloping bottom may be expected than off irregular or rocky 
shores, and therefore the lnes of soundings may be spaced 
further apart in the former case than in the latter, with equal 
confidence of detecting irregularities. | 

As a general rule lines of soundings should be run as close 
together as the scale of the survey permits. About five lines to 
the inch is as close as they can be plotted on paper without 
overcrowding. Therefore the scale (§ 4) should be sufficiently 
large to ensure that, with the lines at this distance apart on 
the paper, they may be sufficiently close in reality for a thorough 
examination according to the probable nature of the bottom. 
When the depths are over ten fathoms the distance between the 
lines of soundings may be increased. 

With regard to the distance apart of successive soundings, 
the speed of the boat should be regulated so that sounding may 
be continuous without stopping, as long as the water is shallow - 
enough to enable this to be done ; as the water deepens, the 
way of the boat should be checked as soon as the leadsman is 
ready, in order that he may get an up-and-down sounding. 
When necessary the way should be stopped altogether. 

In shallow water many more soundings will generally be 
obtained and entered in the sounding book than can be legibly 
plotted, and a selection will have to be made, care being taken 
always to include the shallower casts. It is impossible'to plot 
too many soundings on the field board provided they are legible, 
and none should be eliminated with the object of improving 
the appearance of the chart, this being the duty of those 
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in the Hydrographic Department who prepare the work for the 
engraver. | 

As stated above, the directions of the lines of soundings 
should, as a rule, be at right angles to the coast line. Points of 
land or reefs are often prolonged under the water by a narrow 
shoal ridge or by isolated dangers ; radiating lines should be 
run round such points and should be unusually close together, 
and be further supplemented by cross lines to ensure that no 
narrow tongue or ridge is missed. In particular, all rocky 
points which are likely to be rounded closely by a ship should 
receive such close examination. 

Every portion of the work, as soon as the soundings have 
been reduced (App. C. § 8) and plotted, should be critically 
examined to see what irregularities, or indications of such, have 
so far been revealed. All suspicious areas, or individual 
soundings which differ considerably from those in the vicinity, 
should be marked for further examination by circling them 
with a blue pencil line. As a general rule suspicion should 
‘be aroused if the soundings decrease when proceeding from the 
shore, or if the soundings in any direction decrease and then 
increase again, both of which conditions indicate a rise of the 
bottom ; all abnormal or sudden changes in the depths require 
explanation. Having marked all suspicious spots, these must 
be closely examined by running short lines in between the 
previous ones, and others at right angles to them; should a 
shoal cast be obtained a buoy should be immediately dropped, 
and a minute examination carried out round it to obtain the 
least depth. A barricoe with a line and sinker should be kept 
ready for this purpose. 

The buoy may be “starred round” by running lines of 
soundings radiating from it as centre, or the area in the vicinity 
of it may be slowly drifted over by the boat, the leadsman 
holding the leadline and literally feeling every inch of the 
bottom in order to detect the summit of the obstruction. After 
having dropped the buoy and fixed it, further fixing is only 
necessary on obtaining a shoaler cast, and only the shoalest 
soundings are required to be inked in (see Fig. 8). 

It must be borne in mind that, however closely a spot may 
appear on paper to have been sounded, yet the actual soundings 
may be quite far enough apart for a rock to exist undetected. 
On a scale of six inches to the mile a numeral figure occupies a 
space of nearly 25 yards, while the summit of a pinnacle rock 
may be only a foot or two in diameter. When sounding, a 
sharp look-out must be kept for any appearance of discoloured 
water which may indicate the presence of a shoal. Coral heads 
in particular may often be detected by the eye, and even in 
turbid waters, given calm weather and a tideway, rocks may 
often be detected by a ripple at the surface, particularly when 
the observer is at a considerable height. With a muddy 
bottom a deeper sounding than usual is often an indication of 


510 


a pinnacle rock, owing to the:scour round the base of the rock 
causing a depression. 

It is scarcely necessary to say that accuracy is essential ; 
lead lines should be marked when wet, and the marks invariably 
tested against measured distances: immediately after returning 
on board. If an error is found to exist, the soundings in the 
sounding book must be amended accordingly, remembering that 
if the line is too long the soundings which: have been recorded 
will be correspondingly too shoal, and vice versd.. The leads- 
man must be constantly watched to see that he calls. the 
soundings correctly, and also that his line is invariably up and 
down. If there is any doubt as to the accuracy of a particular 
sounding called, the boat should be stopped and the matter 
cleared up on the spot; a false shoal sounding recorded. may 
otherwise cause an enormous: waste of time and trouble when 
subsequently attempting to verify it. 

The marking usually adopted for lead Jines is not sufficient 
for surveying purposes; and .additional marks are ‘required. 
The «system. of marking lead lines as adopted in H.M. survey- 
ing vessels is shown: in. Fig. a and may be followed with 
adv antage. 


7. Boat Sounding.—The lines of soundings it is: decided 
to run should be ruled lightly on the field board, and the boat 
taken as near as possible to the end of a line where work is to 
be commenced. ‘The position of the boat should be plotted by 
a station pointer fix and the boat moved until in the desired 
position, which should be maintained by dropping the lead on 
the bottom and keeping the boat vertically over it. 

The direction of the line of soundings is then found as 
follows :—- 
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Let A (Hig. 10) be the position of a boat, B some point 
which has been plotted on the field board and @ the angle 
between AB and the first Ime of soundings. The observer 
having measured @ by means of the station pointer, places it on 
his sextant; he then, looking at the coast through the sextant 
telescope, finds that the object B is reflected to a rock C which 
is seen to be in transit with a tree D. In this case the rock and 
tree provide a leading mark which coincides with the required 
line of soundings. ‘The boat is then moved along the line and 
soundings are continuously taken. The soundings should be 
‘called by the leadsman in fathoms and feet when the depth is 
less than 5 fathoms, and in fathoms and quarter-fathoms when 
the depths are between 5 and 20 fathoms. The position of the 
boat. should be fixed at every few soundings, a check angle 
being taken occasionally and, if possible, at the extremities of 
each line. The fixes should. be plotted and numbered consecu- 
tively, and the nature of the bottom noted at every fix. ‘The 
entries are made in a book, called the sounding book, as shown 
below :- 


Notae POCO OpPiné: Fix. » Sounding 
at. Fix. 
| H. +: M. 
1 10 20 am. | Beacon. 38° 13! Pier 62° 20’ Mill. 74 
ai | , 419 30! Bat | a 
74 | 
Gee e100 25.xm. |: Beacon:42%10" Pier 65°16! Mill 30 ft. 
9908 2.97 2060.96: ‘ 


Accuracy of fixing is equal in importance to accuracy of 
sounding ; inaccuracy usually results not so much from actual 
errors in the observations as from making use of badly placed 
objects. When sounding it is a waste of time to read off the 
sextant to fractions of a minute of arc. The nearest 5 minutes 
of are is‘’a sufficient degree of accuracy provided the objects 
used are well selected, in which case an error of this amount 
should never appreciably alter the position of the fix. Two 
officers should be in each boat in order that the two angles of 
the fix may be observed simultaneously; one officer should 
enter the angles and soundings in the sounding book and 
plot the fixes as obtained, while the other “takes charge,” 
watches the leadsman, &c. ‘The larger the scale of the survey 
the more necessary it is that the angles should be observed 
simultaneously. 

On account of tidal streams, currents, or imperfections in 
steering, it frequently happens that a fix shows that the boat is 
considerably off the correct line; in such a case the boat should 
be brought back to the line by the shortest route and another 
fix obtained.’ The track of the boat between successive fixes 
should be drawn on the field board. 
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8. The Tide Pole and Tidal Observations.—All 
soundings, before being plotted, require to be reduced to the 
same datum as that used for the published chart, or if no datum 
is given to the level of M.L.W.S., consequently it is necessary to 
obtain a continuous record of the heights of the level of the sea 
above the datum ; this isdone by means of a tide pole, a simple 
form of which is a plank graduated in feet and quarter feet as 
shown in Fig. 11. The tide -pole should be set up in a well- 
sheltered spot where, if possible, it can be read from the shore. 
The water at the pole should not be so shallow as to leave the 
pole completely exposed at the lowest tide, and the pole should 
be of sufficient height to project above the water at the highest 
tide. 

Whenever it can be done a mark should be made on some 
fixed object near the tide pole, so as to correspond with a 
particular graduation of the pole, in order that it may be possible 
to replace the pole exactly should it be accidently displaced. 

The level of the water, as indicated by the tide pole, should 
be observed every half hour when sounding is being carried out, 
but about the times of high or low water it should be taken 
every 10 minutes. In order to find the reading of the tide 
pole which corresponds to the datum of the chart, one of 
the following methods must be used :— 


(a) Where the published chart gives a connection between 
the datum and the top of a pier, or rock, &c., from 
which a vertical measurement to the water can be 
made. Add together this measurement and a simul- 
taneous tide pole reading, and subtract the amount 
given as the connection on the chart. The remainder 
is the reading of the tide pole corresponding to the 
datum. 

(b) Where the published chart gives no such connection but 
states that a rock in the vicinity dries a certain 
number of feet, then by noting the reading of the 
tide pole when the rock is awash, and from it sub- 
tracting the number of feet that the rock dries, the 
remainder is the reading of the tide pole correspond- 
ing to the level of M.L.W.S. The observation 
should be repeated with several different rocks and 
the mean accepted as correct. 

(c) When neither of the above methods can be used, if 
the spring rise is given and the range of one tide is | 
observed, then half the difference between the spring 
rise and the range of the tide observed, subtracted 
from the tide pole reading at low water, will give 
approximately the reading of the tide pole corre- 
sponding to the chart datum. 

(d) When no tidal information is given on the chart the 
heights of high and low water on the tide pole should 
be observed, and the difference in height between 
the high water observed and the highest high-water 
mark chor n on the shore line should be noted. (IE 
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this cannot be readily measured it may be obtained 
approximately by placing the eye at the high-water 
mark on the shore line in the vicinity and noting the 
reading where the horizon cuts the tide pole.) . This 
difference, subtracted from the tide pole reading at 
the succeeding low water will give approximately the 
reading of the tide pole corresponding to the chart 
datum. 


The values of the datum obtained by either of the two 
latter methods can only be regarded as approximate. Owing 
to the impossibility of judging exactly the height to which 
mean spring tides rise, the last may be seriously in error. If 
time permits, better values will be obtained if two consecutive 
tides are observed, and the mean of the results taken. When 
forwarding the work the fullest information should be given 
as to the method employed in obtaining the datum to which 
the soundings were reduced. 


9. Placing the Soundings on the Field Board.— 
Before the soundings can be plotted on the field board, it is 
necessary to reduce them to what they would have been at 
M.L.W.S., or when the level of the sea was at the datum of the 
chart. This is done by comparisons with the readings of the 
tide pole at the times at which the soundings were taken ; for 
example, suppose that the reading of the tide pole correspond- 
ing to the datum was found to be 5ft. 4 ins., and that at 10" a.m. 
and 105 30™ a.m. the readings were 9 ft. 8 ins. and 9 ft. 3 ins. 
respectively. Then the reductions at these times would be 
4 ft. 4 ins. and 3 ft. 11 ins., respectively. The reduction 
for any intermediate time can be found from these two by 
interpolation. ‘The reduced soundings should be entered in the 
sounding book in red ink underneath the observed soundings, 
and care should be taken that in reducing the soundings to 
quarter fathoms the smaller sounding is selected. 

In the example given in $7, if the reduction is 4 ft. the 
reduced soundings would be entered in the sounding book in 
red ink as shown below by the figures in italics :— 


ie VE. 
1 10 20 a.m. | Beacon 38° 13’ Pier 62° 20' Mill - - 73 
, 41.80 Bat - - m 
64 
74 —7—6— 6 — 53 
64 — 61 — 54 — 514 — #8 
2 10 25 a.m. | Beacon 42° 10’ Pier 65° 16’ Mill - - 30 ft. 
98 — 28 — 27 — 26 — 26 r : 
4 — 4 — 8% — 34 — 33 + 
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The soundings at the fixes should now be inked in on the 
field board, the intervening .soundings being spaced between 
them. Should more soundings have been taken than can be 
conveniently plotted, the importance of the shallower soundings 
must be kept in view; for example, in the extract from the 
sounding book given above we have five soundings between the 
two fixes, and if there were only sufficient space for three 
soundings between these fixes on the field board, we should 
plot the centre sounding (5+) midway between the fixes and the 
shallower of the two soundings on either side of it. When all 
the soundings have been plotted the fathom lines should be 
drawn in, and if thev show any marked discontinuity the area 
indicated should be closely examined. 


10. The Collector Tracing.—A<As soon as the Ree! 
taken each day have been inked. on the various field-boards, the 
work plotted on each board should be: carefully traced on to 
a sheet of tracing paper. This tracing, called the collector 
tracing, will thus show at any time the whole of- the work done 
up to that time. It will also show whether any gap is left 
between the areas examined by two officers, and whether their 
work exactly agrees. 

On the completion of the work full information on every 
subject, giving the manner in which the scale and datum were 
obtained, the complete list of all observations taken, together 
with.sounding books, field boards, plotting sheet, and collector 
tracing, should be forwarded to the Hydrographic Department 
where the necessary amendments to the existing charts will be 
made. 
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box i: : 
Error of — - ; ' 


139 


Error of, by ibeolare altitudes 147 
Error of, by equal altitude 149, 152 


Error of, by time signal - 142 
Description of  - - - 339 
Driving mechanism of 239, 340 
Greenwich test of - - 348 
journal - - - - 140 
Longitude by - . - 130 
Notes on observations for 
error of - - - - 154 
Principle of - - - 339 
room - - - - - 353 
Rate of. See Rate. 
Safe distance from electrical 
instruments - - - dol 
Stowage and care of - - 353 
Thermal compensation of - 347 
To wind and start - - 352 
winding and maintaining 
mechanism - - - 34l1 
Circle of position - - Sonat sa} 
| on Mercator’s chart - 111, 123 
| Circumpolar - - - - ‘126 
Clearing bearings - . - 176 
Clearing marks - - - 175 
Clocks, Adjustment of, for 
change of longitude - 88 
Clouds, Cause of  - - 194 
Coast charts not infallitie Badd i 
Coast line - : - - 156 
Coasting, general rule - 171,179 
Cocked hat - - : 6297 
Cod of storm - - - - 206 
| Coefficient A - : - - 313 
A! - . - - - 285 
B’, Correction of a a BS 
OC’, Correction of - - 280 
D’, Correction of - - 281 
E’, Correction of - - 282 
J. - - : - - - 292 
Coefficients, Approximate - 277 
Exact - - - - 272,278 
Relations between exact and 
approximate - - - 276 
Col . - - - 198, 205 
Co-latitude - : - : 2 
Collimation error - - 882, 335 
Comparisons of chronometers 140, 


147, 152, 153 


Comparison, The mean - - 


143 


OL 


= 


( 


The numbers refer to the Articles. 


Compass : 
Approximate expression for 


the deviation of - - 274 
between deck, To adjust - 309 
Card, Graduation of - ay Aca Ws 
Chetwynd, Description of - 297 
Componentparts of deviation of 275 
Deviation of - - 15, 270 
Diagram - - - 45, 46 
Exact expression for devia- 

tion of - - - - 272 
Expression for deviation of 

when ship heels - - 290 
Gyro. See Gyro-compass. 
in conning tower - - 304 
Landing - - 259, 260, 261 
Magnetic - - . - 138 
Magnetic forces at - - 267 
Magnetic, Suspension of - 264 
Observations for deviation of 306 
Principle of correction of 271 
Removal of bubble from 298 
rose - - - - - 23 
Rules for adjustment of - 308 
Safe distance from electrical 

instruments” - - - 305 
Sluggishness . - - 304 
Standard - - - ehesko 
Thomson, Description of - 300 

Compensated balance, Descrip- 
tion of - - : - 345 
Compensation, Thermal, of 
chronometer - - - 347 
Composite track - <OLN Gerd Oe 
Concave. See Celestial. 
Conning the ship - - - 185 
tower, Compass in~— - - 304 
Constant parameters - - 267 
Constellations - . 2) Sy AO 
Contour lines - - - - 156 
Coral regions, caution - - 169 
Corrector magnets, Rules for 
placing - - . - 280 
Co-tidal charts - - - 2338 
Course - - - . ety ale: 
Formula for - - - 28 
made good - - : - 25 
to allow for current” - - 295 
to be by Standard compass - 185 
to find by Mercator’s chart - 23 
Cross-bearings - - - 62 
Currents : 
Cause of _ - . . - 212 
caution - : - -, 169 
Drift - - - . - 212 
of Atlantic ocean - 218 
of Indian ocean - 215 
of Pacific ocean - - - 214 
Set and drift of - : - 25 
Stream - : : - 212 


To allow for when shaping course 25 
9 


To find - - - - 


-_ 


Cyclone - - - 
Sequence of weather in - 
Cyclonic winds . - - 


Damping of gyroscope - - 
Danger angle : 
Horizontal - - - 
Vertical - - - - 
Danger line, Limiting - - 
Dangers - - - - . 


198, 199, 206 


199 
188 


318 


178 
177 
169 
157 


Avoidance of, in thick weather 179 


clearing marks or danger 


angles” - - - - 180 
Distance from - - a eu if 
Dangerous semi-circle” - - 206 
Date - - - . - 84 
Change of, on 180th meri- 
dian - . - ait) OS 
Greenwich - . - - 86 
line - - - - -. 89 
Datum : 
Height of tide from - - 242 
Level of  - : . - 158 
of Admiralty charts - - 232 
Davis Strait current . - 218 
Day - - - - - 82 
Astronomical - - - 84 
Civil - - - - 84. 
Mean solar - - - - 84 
Solar - - - - 83 
Dead-reckoning— - . - 38 
Deck watch - - - - 84 
minute at last observation 132, 
141, 154 
To determine error of - - 140 
To take time with - - 141 
Declination : 
Correction of A - 87, 146 
of heavenly body - eh ke. 
Parallels of . - my ae te: 
Variation in - . Brn y pe) 
Departure - - - - 26 
Approximate formula for - 29 
conversion to dLong. - - 30 
Formula for . - ai We 
Depression : 
Distance by angle of - - 89 
of terrestrial object - - 54 
Depth: 
by amount of wire out - 360 
by chemical] tube - - 359 
of water - - 7 - 158 
Derived tidal wave - - - 233 
| Deviation - - - - 270 
Approximate expression for 274 
Constant - : . 275 
Component parts of - - 275 
Exact expression for - - 272 
Necessity for observation of 311 
Observations for determining 306 
Quadrantal . - - 275 
Rules for applying - «4! kG 


5 
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The numbers refer to the Articles. 


Deviation : 
Semicircular - = OS 2H 
Swinging ship for . - 310 
Deviation table, Criteria of ole 
Deviation tables - - a 15 
Dew: 
Causes of - - ~ Hoss O4 | 
Point - - - - - 194 | 
Diagrams for plotting position 
lines - - - = S715 
Diagrams, Tidal - - - 243 
Dip: . 
Magnetic: - . - - 258 
See Horizon. 
Directions, Sailing - FOAET 
Directive force : 
Effect of permanent mag-" 
netism on - - - 266 
of gyroscope - - - 316 
of magnetic compass - - 264 
Distance - - fh 48 
by great circle track - - 34 
Formula for - - 292228 
of an object : 
by rangefinder - - 22750 
by vertical angle - 59, 60 
Shortest = - - “2 418 
To find, by Rees tor! schart 24 
to new course - - 44, 174 
Diurnal inequality - - 226, 241 
Diurnal tides : 
Lunar - - - - 226 
Solar -.- = - - - 228 
Diurnal variation of barometer 192 
Doldrums - - - - 189 
Dover, Tides of - : =) 1233 
Draught of ship - - 171 
in sea and river water - - 219 
Drift currents - - - 212 
Harth : 
a gyrostat - - - J14 
approximately a sphere £24 SLO 
Axis of - - - - 1 
Figure of - - - it 
Length of Sea - - ‘L 
Magnetic lines of foree of - 258 
Movement of  - - - 76 
Orbit of  - - z (05416 
Poles of — - - - - i 
Rotation of, effect on gyrostat 316 
Ebb - - - 232 
Echo, aanee of cliff by - 179 
Ecliptic - ——- - PRET 
Eddies - - - - - 250 
Electrical instruments’ safe dis- 
tance from compass - 305 
Electric current, Magnetic 
field of - : - 256 
Electricity, Atmospheric - 196 
Electromagnets - - - 256 
193 


Elephanta — - - - - 


English Channel, Foes in es 195 
Ep och - 2 Om T55 
Hetal altitudes 21 20) SALGay $7 146 
Comparisons for. - - - -}52 
Kquation of — - - - 149 
equation of, Formula for - 150 
' ‘Errors involved in - 151 
Error of chronometer by - 149 
Longitude by - - - 131 
Table for — - See 262931 
Equation of time. - - “i 95 
Correction of - =. 7398 146 
Equator - - - - 1 
Celestial — - . ~! Cheld 
Magnetic - - 958 
Equatorial counter- current 218, 215 
Equatorial current - 213, 214, 215 
Equilibrium theory - 22 
Equinoctial - - a 97 
points . - aN Dae aT 
spring tides - 2 ie 232 
Hrror in position. Se Posi- — 
tion. 

Error of chronometer. See 
Chronometer. 
Errors in absolute altitudes’ - 148 
Hscapement - - - 339, 344 

Establishment : 
Mean, Correction of - - 


235 
Mean, To find line of amie | 


water from - - 237 
Vulgar - - - - 238 
Ktesian - - - - - 1938 
Ex-meridian altitude “- 128 
Extraordinary spring bide 2 232 

Hethion lines not drawn, 
eaution - - Hf oe SANGO 
Field of magnet - - = 252 
Five fathoms line - - - 169 
Fix - - wh es 61, 66 
Running - - - - 66 

. Fixing: . 

by station pointer - - 65 

Necessity for - ~ * Rea 
Flinders bar - : . - 279 

Induction in - - ~ 294 

Quadrantal deviation due to, 283 
Floes_ - - : - - 221 
Flood - . - - - 232 
Fog - - - - - 195 

Anchoring in - - : 179,180 

Navigation in - - 179 

Use of “stand by” observa- 

tions in - - - - 182 
Fog signals - - - - 164 

Reliability of — - - - 165 
Force : 

Magnetic lines of - - 252 
Forecasting the weather = OR11 
Fort Dauphin - - - 195 
Foucault’s law . - - 31d 
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The numbers refer to the Articles. 


Four point bearing - - - ; 66 | Heeling: 

Frigidzone- - - - emis 4138 error, Constant - : - 994, 
Frost, Hoar - . - - 194 Correction of, at sea - 295 
Fusee- - - - - - 340 in harbour - - 994, 

. | He ; Expression. for : - 290 
Geographical _position’’ Siege ile AneAT TARY Sante i - 293 
. ibaventy body So! ©. 109, 110 : Necessity for correction of 295 
Gnomonic chart - - “81, 32,33 | on of eye : av itia. 9 TBD 
Line of bearingon  -— 48 ee shown on charts - 156 
Gnomonic projection, when pees aia 185 
used - . - 2 16% ; ; ; ; 
ie ie. When to put, over . awe 
ONS age aaa 188 | Helmsman, Orders for - + 785 
AE irection o d 154 | High water, Time of 232, 237, 239, 
reat circle track : 240 
-“by-gnomonic chart - mwiisl } HW. EF &C. _ 938 939 
~ by ealculation  - - BNG39 ) didgar frostit canes 194 
~on Mereator’s chart - - 84 | Holding ground, Cood t _ 139 
To find the course - M84 | Hour angle : x ‘ pg 
| Towson’s tables - - - 36 Mona la tor : ‘ ay, 
an. date - : - 86 | Horizon, Artificial - - 144,145 
Royal oe - : 1 De e sri ea ( ; he oe ae 
Gregale - - - - 193 Distance of sea - “et Orta L On 
Ground, Speed over 783) Distinctness of - é L139 
Guinea current A : iy 4 a Se Hour angle of bodies on -. 133 
Gar ct : E A BR North, South, Hast and West 
fstream - = : 21o points of - a 3 - ° 196 
yon -compass: - - Leigh a Observations in artificial 146, 154. 
. Anschiitz, Correction of ep oO Rational - - - 108,126 
-.. Damping of - : pobta yas Roof error of artificial - 148 
-. Description of . pe DE! Shore - - . - ae OD 
Receivers -—s.—- 5 ta OG The observer’s sea : he htaen 5) 
“Sperry,” Correction of - 322 Uncertainty in position of 
Damping of - - - 322 | sea - . E : st alo 7 
Description of -  - - - 321 | Horizontal angle, Determina- 
Receivers, eo i 323 | nation of - : : a OT 
Gyroscope : 2 c i 314, Use of, when anchoring - 182 
Damping of : 318 | Horizontal danger angle - - 178 
| Effect of Harth’s rotation on Horizontal force, Harth’s 258, 265 
316, 317 | Horizontal torces, at compass, 
Effect of rolling and bitching when ship heels 5 - . 268 
OD - ; - 320 | Humidity : 3 z 22126 
Effect of ship’s motion on’-..319 | Hurricanes. - . - - 206 
Gyrostat - - . 314 | Hydrometer - : : « +918 
Effect of Beapi-o on- = besehudkl5 | | By ue! Sou 7 or ohh BG 866 
| Hysteresis - : x - 255 
Hail, Cause of" - - - 194 
Ree EE Pe et yikes reg gg | S EE Eg a Ae 221 
Be iy rate : ; By |: ee cean, urrents in ery 
Harbours, Typhoon - - 208 3), anes wn Mon: ; = 208 
aon ; i ‘ OBB uth- ost onsoonin - 190 
Senin  - ’ i . 793 | Inequality, Diurnal - - £DAT 
Harmonic analysis of tides - 242 | Gitex BET Ora): : - 382, 336 
Heavenly body : | Determination of - 132. 154 
Geographical egy Of aera: | Indicator, Up and down - - 841 
Metin ot © - 78, 103 Indraught into bays . 39, 171 
Induced magnetism - - 255 
Heeling : of ship 2 z 3 a= 4 OGY 
Coefficient - - - - 292 | Induction in soft iron. cor- 
Error, Changes in - - 296 rectors - - - ~ 84 
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The numbers refer to the Articles. 


Instrumental error in absolute 


altitudes - - - - 148 
Intercept - . - - 112 
Invar - - - - - 3847 
Illumination, Circle of - 25 138 
Intermediate course and dis- 

tance - : - 44, 45, 46 
Iron, Hard and soft - -/ 255 
Irradiation - - - 148, 154 
Isobar - - . - - 189 
Isobaric charts - - els / 
Isobars, Fundamentalforms of 198 

over Asia - - = LS iON) 
Isochronism - = - - 3845 
Tsotherms - - . - 197 
Japan stream - - - - 214 
Kaus - “ - - - 1938 
Kelp - - - - hoy 
Knot - - - - - 9 
Kuro Siwo~ - - - - 214 
ray - - on Wee OOO yao 
he - - - - - Ooh 
Labrador current’ - - - 213 
Lagging of tide” - - 230, 235 
Laplace, Theory of - - - 74 
Latitude : 

“Angular - - - 2 
by meridian ofan - - 126 
Difference of - - = eel 
Linear - - - - 8 
Magnetic - - - - 258 
Middle - - - © eee 

Lead, Arming of - - 159, 361 
Leading marks - - 172,180 
Libra, First point of . ear 
Lightning” - - - - 196 
Effect of, on deviation - 289 
Lights : 
abbreviations on charts - 163 
Height of, given on chart - 57 
on buoys” - - - - 162 
System of - - - - 163 
Visibility of : - 57, 163 
Light vessels - - . - 163 


Limb of body observed - 105, 154 
Line of bearing, Track to coin- 


cide with - - - 173 
Line of force of magnet - - 252 
Line squall - - : - 204 
Liverpool, Tides of - - 238 
Lvucal winds, Tabular sum- 

mary of - : - - 193 
Local attraction - - - 268 
Lodestone~— - - - - 202 
Log: 

Entries in ship’s - smth lest SS 
Patent - - - - d04 
Longitude : 


Angular - - - - 2 


Longitude : 
by chronometer - - - 130 
by equal altitude - - 131 
Difference of - - or LE 
Linear - - : e 8 
Look-outs in fog - - - 179 
Low water, Time of - a 55". 
Lubber’s point - - eater 6H 
Lunar : 
day - - - - - 230 
tides - - - . - 224 
Lunitidal interval -. - - 236 
p, The meaning of - : - 291 
Magnet : 
Artificial — - - - 252, 256 
Effect on isolated pole - 253 
End on and broadside on - 253 
Natural - - . - 252 
Poles of _  - - : - 252 
Strength of - . - 252 
Magnetic compass : 
Directive force of - - 264 
Suspension of _ - - - 264 
Magnetic dip - - - - 258 
equator . - - - 258 
field - - : - - 252 
field of electric current - 256 
force - : - - - 2058 
induction - - dae - 255 
latitude - - - - 258 
meridian - - : - 258 
poles - - - 252, 258 
storms - - - - 259 
Magnetic variation - - - %&I|4 
Changes in - - 14, 259 
Chart of - . : - 14 
Example of finding,on shore 262 
Observations for, at sea - Bhs 
Observations for, on shore - 260 
Rules for apr .+ - 16 
Magnetism - - - 252 
Molecular theory of - - 254 
of earth - - - 252, 258 
Magnetism of ship : 
Effect of sub-permanent - 288 
Induced” - - - - 267 
Permanent - - - - 266 
Sub-permanent -- - 269 
Magnetism, Red and vine - 252 
Magnets : 
Effect of temperature on - 257 | 
Rules for placing - - 281 
Magnitudes of stars - - 
Marine barometer - - 363 
Maximum altitude - - 127, 131 
Mean comparison - - - 143 
Mean establishment. See Hsta- 
-blishment - - > - - 236 
Mean sun - - - - 84 
Motion of - - - 84 
Right ascension of - 97, 99 
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The numbers refer to the Articles. 


M.T.P., Formula for - i Oe 
‘Mercator’ schart - - 20, 21, 22 | 
Circle of position on - 111, 123 | 


To find true bearing from - 307 


where used - - - LOY 
Meridian aititude : | 
Position line by - - - 126 | 
Time to take observation - 127. 
Meridian : 
Celestial - - - - 78 
Circle of curvature of - - 3) 
Magnetic - - - 14, 258 | 
Meridian-passages of heavenly | 
bodies” - - - - 125 
Meridian, Prime~ - 2 é a 
Right ascension of — - oe 
Meridional parts” - - 20, 21 


Mexican current - : tae fl Ke 
Microphones : - - 166 
Middle: 
latitude - - : ee AY 
temperature error - - 347 
Mile: 
Geographical - - - 6° 
Length of - - Sis: 7 
Nautical. - . - - 4 
Nautical, mean length of - 10. 
‘Minimum altitude - . wT 
Mistral - - - - aes 
Mother tide - - 2 Pe PASS: 
Motion work - - = 4 O09, 343 | 
Molecular theory - - - 254 
Monsoons - - - - 190 
Month - E - = - 80 
Moon .- - - - ae WS: 
Attraction of - - eee 
New and full - - -, 229 
Moonset: Time of visible Se oG 
Mooring: 
line of anchors’ - - - 181 
in selected position = - - 183 
Nautical mile - - - _ 4 | 
Length of - - - - 5 
Afcan - - - = iu 
Neap, Rise and pauee - - 232 
Neap tides” - - - 229 
Nebular theory’ - : - 74 
Nimbus cloud - - - 194. 
North Atlantic, pele recom- 
mended - A =) W221 
North Sea weather - - 209 
Note-book - : : -! 180 
Notices to Mariners - SUP LGs.. 
‘Objects, Selection of, in pilotage 180 
Observations, Best time to take 
115, 152 
‘Observation spot - 146,154 , 


um -17415 


Ocean: 

Temperature of - - - 220 
waves - - - - » 216 
Offing - - - - = ae sft 
Open marks - - - 172 
| Overfalls : = : = 250 
Oya Siwo - - - = #5214 
| Pacific Ocean currents - - 214 
_ Pampero - : . ils 
Parallax - - - - 106 
Effect of, on des - ee, 
Horizontal - - - - 106 
in altitude - - - ae LO 
Formula for - - 106 
sextant - - 9327, 331, 336 
Parameters, Constant - - 267 

| Patent log: 
Description of - ~~ - 354 
Error of — - > - - 356 
Length of line for - - 354 

Pearl rock : 
Clearing marks for - - 175 
Horizontal danger angle for 178 
Perigee - : - - 227, 231 
Periodic winds - - - 190 
Pelorus - - - - - 303 
Permanent magnetism of ship 266 


_ Perpendicularity, Error of 332, 333 
| Personal error in absolute alti- 


tude - - - - 148 
| Peruvian current - - - 214 
| Pilotage - - : - =U LOO 
| waters, Track of shipin - 171 
| Planets - : - - 73, 105 
| Polar distance - . 2 sei he! 
Polaris : 
Azimuth of - - - - 129 
Position line by - . - 129 
Tables for - . - - 129 
Pole: 
Altitude of - . - - 126 
| Elevated’ - : = Le 
Poles : 
Magnetic - . - - 252 
of magnets - - - 252, 258 
Port, Establishment of. See 
| Establishment. 
_ Position : 
Area of - - : fish? 
by astronomical observation 115 
by astronomical and terres- 
trial observations - - 124 
by astronomical observation 
and sounding - - - 124 
by bearing and angle - - 63 
by bearing and distance - 64 
by bearing and sounding - 67 
by cross bearings . ty’ 
by dead reckoning : - 38 
by horizontal angles - - 65 
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The numbers refer to the Articles. 


Position : 

Dy Longitude by chrono- 
meter” - - 
by plotting sition altitude: 
very large - - - 
by soundings - - - 
Circle of  - - : 

Error in— 
due to error in altitude’ - 
due to errors in altitude 
and G.M.T. - - - 


130 
©1238 

67 
Lit 
117 


119 


due to error in G.M.T. 118, 140 


due to error in the reckon- 


ing - - - 120 
due to errors in the reckon- 
ing and altitudes - sori | 
due to errors in the reckon- 
ing, altitudes and 
G.M.T. - - - 122 
Estimated - - - =<. 39 
Accuracy of - - Woe 
Unreliability of - - 47 
Line - - - - =A? 
Astronomical - - 103, 112 
by altitude of Polaris - 129 
by compass bearing - - 48) 
by distance - : - 00 | 
by ex-meridian altitude - 128 | 
by horizontal angle - - 49 
by ‘“‘ Longitude by chrono- 
meter” . - - 1380 
by meridian altitude - 126 
Notes on observations for 132 
Track to coincide with - 171 
Most disadvantageous 117, 118, 
140 
Most probable - ellos Ly 
triangle - : -. 90, 93 
Precession~— - : 315 
Pre-determined track, Turning 
ship on to - - - 174 
Prediction of tides - - 286, 242 
Preparation of chart - 180, 184 
Pressure : 
Centre of high - : - 187 
Centre of low” - - BPS 7 
of atmosphere” - - - 187 
of atmosphere, Effect ontides 246 
Primary tidal wave - - 233 
Prime vertical - - - 126 
Priming of tide - - 230, 235 
Quadrature, Moonin~ - - 229 
Race - . - - - 250 
Radiation - - - - 201 
Rain : 
Cause of - . . - 194 
cloud - - - - - 194 
Non-isokaric : - = EY; 
R.A.MS. - : ee 27241 00) 
R.A * - - - - 


79 | 


Range-finder, use of - 50, 64. 
Rate - - - - - 139 
Accumulated - - - 139 
Adjustment of - - - 347 
Change in, due to Bees : - 390° 
Daily - - . - 139 
Effect of damp on - - 351 
Hiffect of magnetic field on - 351. 
Hffect of ship’s motion on - 351 
Effect of temperature on - 347 
Formula for - - - 349 


Observations for determining 155- 
of chronometer -_ - steed bis 
Variations in - - - 351 
Rational horizon’ - - - 103. 
Reciprocal bearings - - 306. 
Reckoning - = ee -- ogi 
Accurate keeping of - 132, 179 
by calculation - - - AL 
by chart - - - - 40- 
by traverse table - - Atl 
during manceuvres - 45, 46 
in a tideway - - - 45. 
Refraction : 
Abnormal - - 52, 56, 132, 148: 
Astronomical - - 7103; 104¢ 
effect on visability . - 163: 
Terrestrial - - - d1, 103. 
Regulations for preventing 
collisions at sea, Article 25 180» 
Revolutions of engines, Speed 
by - . - - - 30% 
Revolving storms - - - 206 
British Islands - - - 209 
Indications of approach of - 207 
Rules for avoiding - - 208: 
Rhumb-line - - - = ide 
Formule for : - - 26. 
Right ascension = - - 79, 87,98 
of mean sun: 
Change in - - ert) 
Correction of - - - 100: 
of meridian - + ee 
Rising of heavenly body bier: 
of hour angles - - 133: 
Roaring forties - - 189 
Rocks, Isolated - - - | 16% 
Rocky shore - - - 169 
Roof error, in apaclare altitude 148. 
Rounding a mark - - - 174. 
Safe distances : 
Chronometers-— - - - 351 
Magnetic compass’ - - 305. 
Sailing Directions - - - 170 
St. Elmo’s fire - - 196 
Sargasso Sea - - - - 213. 
Satellites - - - = Oe 
Scirocco - - - - -' 193 
Sea, Mean level of - - - 932; 
Sea rate - - - ; - 3d1 
Seasons . - 5 - =? a 
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Sea water : 

Colour of - - - 218 

Specific gravity * - - 218 
Secondary cyclone - - 198, 200 
Secular change in variation - 259 
Semi-circle, dangerous. - - 206 | 
Semi-diameter = - 103,105 

Augmentation of moon’s - 107 
Semi-diurnal tide : 

Lunar - - - - 226 

Solar - . - : -' 228 
Sensitiveness of marks - 172 
Setting of heavenly bodies, | 

Table of us angles of - 133 

Sextant : 

Care of - - - - 338 

Description of - - 328 

Errors of - - - 332 


Index error of 132, 154, 332, 336 


parallax - 327, 328, 331, 336 
Principle of - - - 327 
certificate - - - $27, 332 
telescopes - - - - 330 
Vernier” - - - - 329 
Shade error - . - 330 
in absolute UaGE: - - 148 
Shamal - - - - - 193 
Side error 2 - 154, 332, 334 
Sidereal time - ani ee =) 06 
Signals, Storm - - - 210 
Single position line - 113,114 


Soft iron correctors, Induction in 284 
Solar day. See day. 


Solar system - - . : 
Solar tide - - - - 228 
Solent, Tides of _ - r niZ5s 
Solstitial points - - - 
Sound waves - - - 166,179 
Sounding book : - - 361 
Sounding machine - - 358, 361. 
Sounding without tubes - - 360 
Soundings : 
How to take - - - 361 
Intervals between - - 361 
Necessity for - - 39 
Plotting, on tracing paper - 67 


Use of, in obtaining position 67, 124 
Soundings on chart, Caution - 169 
Southern ocean, Tidal waves in 233 


Specific gravity, Sea-water - 218 
Speed : 
by measured distance - - 355 
by revolutions of engines - 357 
Loss of, whilst turning - 44, 
made good - - - - 25 
over ground - - - 25 
“Sperry”? gyro-compass, de- 
seription of — - - - 321 
Spring rise - - . - 232 
Spring tides - - - 229, 232 
Squalls - : - é - 204 
Standard clock . - - 142 
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Standard ports - - - 242 
Standard time . - “LE So 
Stand of tide - . - - 232 
Star, globe or finder - - 137 
Stars - - - : - 69 
Designation of  - - 71 
Identification of - - 132, 137 
Magnitudes of  - - aad 
To recognise - - Sake 
Station pointer : 
Description of — - ~ - 362 
To test accuraey of = - - 362 
Use of . - - - 65 
Stern marks, steadying the 
ship on - . - - 172 
Storms. See revolving storms. 
Storm signals - - : - 210 
Straight isobar - - 198, 203 
Stream currents - - - 212 
Submarine bell - - - 166 
Sub-permanent magnetism, The 
effect of - - - - 288 
Sun : 
Mock - - > - - 209 
Rise, visible, Time of - - 134 
Set, visible, Time of - - 134 
Survey, accuracy of - - 169 
Swinging ship - . - 310 
Synoptic : 
chart - - - - - 197 
system, of weather analysis- 197 
Telescope, sextant - - 154, 336 
Temperature : 
effect on magnets - - 257 
effect on rate - - - 347 
in vicinity of ice - ; - 221 
of atmosphere - - - 187 
of ocean - - - - 220 
of sea - - - - . 221, 366 
Zone - - - : - 138 
Ten fathom line, caution - 169 
Terrestrial magnetism - 252,258 
Theodolite - - - - 261 
Thermometer : 366 
Maximum - - - - 367 
Minimum - - - 368 
wet and dry ay - - 366 
Thomson compass - - - 300 
Thunder - - - - 196 
storms - - 196, 200 
Tidal : 
atlas - - - - 251 
constants - - . - 245 
diagrams - - 245 
streams - 169, 247, 248, 249 
Rates of - - - 169, 250 
round British Islands - 257 
Tide: 
Age of . - 234, 286, 239 
Height of composite - - 229 
day - - - - - 230 
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Tide : 
generating forces 7 222, 228 
Horizontal, generating forces 223 
Lunar diurnal _ - - - 226 
semi-diurnal - - - 226 
Mother - - - -. 238 
prediction - - - 236, 242 
Priming and lagging of 230, 235 
Range of  - - = - 232 
rips - - - - - 250. 
_ Rise of - - : - 232 
Single day - - - - 243 
Solar diurnal - - - 228 
semi-diurnal _ - - - 228 
Spring, Cause of - <n) tea 229 
Stand of — - - -. = 282 
To find height of - - 248 
wave, Primary and derived - 233 
waves : - - - 241 
Tides : 

Abreviations for -, - -. 160 
British Islands - - - 233 

Composition of lunar and 
solar - - - -. 229 
Diurnal inequality of - - 241 

Effect of atmospheric condi- 
tions on na See - 246 
of earth’s rotation - - 225 
of moon’s declination on - 226 
of moon’s parallax - - 227 


of sun’s parallax on - - 228 
Equinoctial spring - 232 
Extraordinary spring - 232 
Harmonic analysis of - -. 242 
To find height of : - 244 
Irregular - - . - 249 
Lunar and anti-lunar - ~ 224 
Neaps - - : -. 229 
of Solent - - - - 233 
Solar.and anti-solar  - 228 

Tideway, reckoning in - - 43 
Time: 
Astronomical - - - 84 

Change of - . - - 85 

Civil - . : - - 84 

Conversion of to arc - 85 

Equation of - - 95, 98 

Mean solar - - - - 84 

Sidereal - - - - 96 

signal, Error of chronometer 
“by - - - - 142 
Stahl : - - - 89 
taking, for astronomical ob- 
_ servations - - - 441 
Tornado - - - - 193 
Towson’s tables. See Great 
circle track. 
Tracing paper, use of  - - 65, 67 
Track to coincide with position 

line - - . - “nik 1 
Trade winds - ho iis -. 189 
Train - - - - 339, 342 | 


Transfer - - : = pls 
Transit : 
Deviation of compass by - 306 
Objects in - - - 63, 172 
of heavenly body - - 82 
Translation, Error of _ - - 294 
Travelling rate - - i. ee BSL 
Traverse : 
diagram - : - 45, 46 
table - - - - - 30 
Triangle, Astronomical - 90, 93 
Trident log, Description of - 354 
Tropical storms, nuclei of - 189 
Tropics - “res - 138, 189 
Trough of storm - - - 206 
Turning, Track of ship while - 44 
Twilight - . - 135 
Observations at - 115, 132, 154 
Typhoon harbours - — - - 208 
Typhoons : - - - 206 
Variables of Cancer and Cap- 
ricorm == : - - 189 
Variation. See Magnetic. 
V. depression - - 198, 204 
Veering of wind - - - 199 
Venus, Orbit of = aaa ey i 
Vernier, Principle of = - - 329 
Vertical angle, Distance by - 59 
| Vertical danger angle - ~ Lad 
Vertical force - “ - 258 
Views on charts” - - - 156 
Vigia- . : - - 157 
Vulgar establishment. See 
Establishment. 
Water, Specific ering and 
colour of - - - 218 
Waterspouts, Gane of -»  - 194 
Waves: 
Cause of - : - - 216 
Height of - - -. 216, 217 
Length of - - - 216, 217 
1aPeriod'ofs = : -) W216 sale 
Weather - - - - 186 
daily reports : - 209, 211 
forecasting - - 211 
round British island and 
North Sea - - - 209 
Variations in - - -. 197 
Wedge - . : - 198, 202 
Westerly winds - - - 189 
‘What Starisit?” See Stars, 
Identification of . - 137 
Williwaw - - - - 193 
Wind: 
Cause of — - - - - 188 
Circulation of, about centre ; 
of high pressure - - 188 
Cyclonic - - ; - 188 
effect on tides” - - - 246 
Trades - - - 189 
Veering or pwekate - - 199 
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“Wind: 
Velocity and direction of - 188 
Winds: 
Anti-cyclonic - - - 188 
Local - . - - - 193 
Periodic - - - = £90 
Permanent - - - - 189 
Wireless Telegraphy, time by - 142 
Wreck marking vessel’ - - 162 
Year - - . - 76, 77, 80 
Mean solar - - - - 84 


| Zenith ~- . 

Zenith distance 
Calculated and true 
Calculation of — - 
Very small - - 


Zodiac - : 


Zone : 
Frigid - - - 
Temperate - - 
Zones, Tropical _ - 


90, 103 
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